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PREFACE. 


The  rapid  advanoe  in  the  cultivation  of  Practical  Astronomy 
which  has  recently  been  made  in  the  United  States  is  one  of 
the  most  encouraging  features  of  the  age.  It  is  less  than 
twenty-five  years  since  the  first  refracting  telescope,  exceeding 
those  of  a  portable  size,  was  imported  into  the  United  States, 
and  the  introduction  of  meridional  instruments  of  the  large  class 
is  of  still  more  recent  date.  We  may  now  boast  of  two  Observ- 
atories, liberally  equipped  with  instruments  of  the  best  class, 
and  provided  with  a  permanent  corps  of  observers,  as  also  a 
considerable  number  of  other  establishments  more  or  less  com- 
plete, and  a  still  larger  number  of  telescopes  of  dimensions  ade- 
quate to  be  employed  in  original  research. 

This  large  increase  of  instrumental  means  of  research  has  not 
only  been  attended  by  a  corresponding  increase  of  practical  ob- 
servers, but  also  by  an  increase  of  astronomers,  who  are  able  to 
apply  their  observations  toward  the  testing  and  perfecting  of 
astronomical  theories.  Not  only  have  the  latitude  and  longi- 
tude of  numerous  places  in  the  United  States  been  accurately 
determined,  but  a  large  number  of  fixed  stars  have  been  care- 
fully observed  and  catalogued ;  improved  methods  of  observation 
have  been  invented ;  the  places  of  the  different  members  of  our 
solar  system  have  been  accurately  observed  and  compared  with 
the  best  tables ;  new  tables  have  been  constructed,  claiming  an 
accuracy  superior  to  any  thing  heretofore  known  in  Europe ; 
and  we  have,  at  last,  our  own  nauticed  ephemeris,  which,  it  is 
hoped,  will  contribute  to  hasten  the  era  of  our  national  scientific 
independence. 

While  the  attention  of  so  many  persons  is  thus  earnestly  di- 
rected to  the  improvement  of  Practical  Astronomy,  the  want  of 
a  suitable  text-book  on  this  subject  has  been  extensively  felt. 
Some  work  has  been  needed  which  should  not  only  give  an  ade- 
quate description  of  the  instruments  required  in  the  outfit  of  an 


iv  Preface. 

Observatory,  but  which  should  also  explain  the  methods  of  em- 
ploying them,  and  the  computations  growing  out  of  their  use. 
No  work  of  this  description  has  hitherto  been  attempted  in  this 
country,  if  we  except  one  or  two  treatises  whose  scope  was  con- 
fessedly far  too  limited;  nor,  so  far  as  I  am  aware,  does  there 
exist  in  the  English  language  any  work  which  meets  the  de- 
mand in  our  country.  Pearson's  Practical  Astronomy  was  un- 
dertaken with  a  somewhat  similar  object  in  view ;  but  this  is  a 
work  of  inconvenient  bulk,  of  heavy  expense,  and,  withal,  fur- 
nishes the  student  with  very  little  insight  into  the  methods  of 
computation  now  most  generally  adopted  by  astronomers ;  nor 
have  I  met  with  any  work  in  any  foreign  language  which  ap- 
peared to  me  exactly  to  meet  the  wants  of  our  own  country. 

The  following  are  among  the  different  classes  of  persons  for 
whom,  it  is  believed,  a  work  on  Practical  Astronomy  was  needed : 

1.  Amateur  observers,  who  have  in  their  possession  astronom- 
ical instruments  which  they  wish  to  employ  to  the  best  advant- 
age, and  feel  the  need  of  more  specific  instructions  than  can  be 
gathered  from  the  elementary  text-books  on  Astronomy. 

2.  Practical  surveyors,  engineers  employed  on  boundary  and 
government  surveys,  astronomers  employed  in  determining  the 
situation  of  light-houses  and  other  important  points  on  the 
coast,  the  conductors  of  expeditions  of  discovery,  whether  by 
land  or  sea.  Indeed,  every  person  who  has  occasion  to  engage 
in  astronomical  computations  feels  the  importance  of  having 
before  him  a  volume  which  furnishes  the  formula  for  his  use, 
and  tables  to  facilitate  his  labors. 

3.  There  is  a  far  more  numerous  class  of  persons  to  whom,  it 
is  believed,  a  work  on  Practical  Astronomy  may  be  highly  use- 
ful, viz.,  the  entire  corps  of  young  men  who. are  engaged  in  a 
course  of  liberal  education.  It  is  thought  that  the  study  of 
Practical  Astronomy  ought  to  be  incorporated  into  the  regular 
course  of  instruction  in  all  our  colleges  and  universities.  It 
may  be  said  that  very  few  young  men  in  our  country  ever  in- 
tend to  devote  their  time  to  the  business  of  astronomical  obser- 
vations ;  so,  also,  very  few  intend  to  become  practical  surveyors, 
or  navigators,  or  opticians ;  yet  we  include  surveying,  naviga- 
tion,  and  optics  in  our  course  of  liberal  study,  prescribed  for  all 
indiscriminately,  whatever  may  be  their  ultimate  destination. 
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Practical  Afitronomy  has  claims  upon  our  attention  equal  to 
those  of  either  of  the  preceding  sciences,  whether  we  regard  it 
as  a  means  of  mental  discipline,  or  in  its  bearings  upon  other 
branches  of  study.  An  acquaintance  with  the  grand  principles 
of  astronomy  has  from  time  immemorial  been  regarded  as  an 
essential  part  of  a  finished  education ;  but  no  one  can  feel  a 
rational  confidence  in  the  results  announced  by  astronomers 
without  some  distinct  notion  of  the  methods  by  which  these  re- 
sults are  attained.  "When  the  student  is  told  that  the  sun  is 
ninety-five  millions  of  miles  distant  from  us,  and  that  light  re- 
quires several  years  to  reach  us  from  the  nearest  fixed  star,  he 
may  receive  these  doctrines  without  dispute  on  the  basis  of  au- 
thority, but  he  can  feel  no  adequate  conviction  of  their  truth 
without  a  knowledge  of  the  instruments  with  which  the  requi- 
site observations  are  made,  as  well  as  the  principles  upon  which 
the  computations  are  conducted. 

It  is  beUeved,  therefore,  that  Practical  Astronomy  is  destined 
to  occupy  a  more  prominent  place  in  our  institutions  of  educa- 
tion than  it  now  holds,  and  it  is  hoped  that  the  present  volume 
may  contribute  something  to  so  desirable  a  result.  . 

The  preparation  of  this  treatise  has  been  attended  with  seri- 
ous labor.  No  considerable  portion  of  it  has  been  exclusively 
derived  from  any  single  work.  I  have  sought  for  materials  from 
every  source  within  my  reach — ^not  only  from  the  standard  au- 
thorities upon  this  subject,  but  also  from  Astronomical  Journals 
and  the  Annals  of  Observatories.  The  works  which  I  have  most 
frequently  consulted  with  success  are,  Pearson's  Practical  As- 
tronomy, and  Baily's  Astronomical  Tables ;  Delambre's  Astro- 
nomic, and  Francoeur's  Astronomic  Pratique ;  Briinnow's  Spha- 
rischen  Astronomic;  Sawitsch's  Practischen  Astronomic,  and 
BessePs  Astronomische  XJntersuchungen. 

The  Tables  which  accompany  this  volume  have  cost  me  con- 
siderable labor.  Table  XVI.  is  entirely  original.  Doubtless  sim- 
ilar tables  have  been  heretofore  computed,  but  I  have  been  una- 
ble to  find  such  an  one  in  any  of  the  works  to  which  I  have  had 
access.  Several  of  the  tables  have  been  computed  entirely  anew, 
although  similar  tables  are  to  be  found  in  other  works.  Of  this 
description  are  Nos.  XVII.,  XVIII.,  XXII.,  and  XXVII.  Others 
have  been  partially  recomputed,  extended,  and  modified  to  suit 
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the  size  of  the  page  or  the  plcoi  of  this  work.  Of  this  description 
are  Nos.  IX.,  XU.,  XIIL,  XIV.,  XV.,  XIX.,  XX.,  XXL,  XXIH., 
XXX.,  and  XXXV.,  while  a  considerable  portion  of  the  remainder 
have  been  more  or  less  modified  in  form  or  substance.  There  is 
not  a  line  in  the  entire  volume  which  was  not  sent  to  the  printer 
in  manuscript,  and  large  portions  of  the  work  have  been  several 
times  re-written.  Nearly  every  instrument  mentioned  in  this 
book  is  illustrated  by  a  pretty  accurate  drawing,  which,  it  is 
hoped,  will  render  the  descriptions  intelligible  to  those  who  have 
not  the  instrurtients  in  their  possession. 

I  have  to  acknowledge  my  obligations  to  several  scientific 
friends  for  assistance  in  the  preparation  of  this  work.  To  my 
friends  at  Washington  and  Cambridge  I  am  indebted  for  several 
important  suggestions  ;  but  I  am  more  particularly  indebted  to 
Rqv.  C.  S.  Lyman,  of  New  Haven,  who  read  nearly  the  entire 
work  in  manuscript,  and  whose  criticisms  have  proved  of  great 
service  to  me.  I  am  also  indebted  to  him  for  the  description  of 
the  prismatic  sextant  on  page  101,  and  for  the  second  method 
of  projecting  solar  eclipses. on  page  242. 

Inasmuch  as  the  student  is  supposed  to  have  some  previous 
acquaintance  with  the  elements  of  astronomy,  if  any  one  should 
undertake  the  study  of  this  volume  whose  time  does  not  permit 
him  to  read  the  whole  in  course,  he  may  take  up  whatever  chap- 
ter he  pleases,  and  omit  the  remainder  with  very  little  danger 
of  embarrassment ;  or  if  he  should  omit  any  thing  which  is  es- 
sential to  be  studied,  the  references  throughout  the  work  will 
direct  him  to  those  portions  which  require  his  attention.  To 
students  who  propose  to  devote  only  a  few  weeks  to  the  study 
of  Practical  Astronomy  as  a  branch  of  general  education,  the 
following  course  is  suggested :  Read  the  first  two  chapters,  with 
but  little,  if  any,  omission ;  read  Articles  131-5  of  Chap.  HI. ; 
some  of  the  problems  of  Chap.  IV. ;  Chap.  V.  entire,  and  Chap. 
VI.  to  Art.  179 ;  a  considerable  part  of  Chap^  VIIL,  and  Articles 
219-224  of  Chap.  IX. ;  after  which  the  student  may  proceed 
with  Lunar  and  Solar  Eclipses  and  Ocoultations. 
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CHAPTER  I. 

STRUCTURE  OF  AN  OBSERVATORY.— THE  TELESCOPE. 

C 

Article  1.  In  selecting  a  site  for  an  astronomical  observatory, 
we  should  aim  to  secure  the  following  advantages : 

1.  Stability  in  the  position  of  the  instruments. 

2.  A  good  horizon. 

3.  Freedom  from  atmospheric  obstructions. 

In  order  to  secure  the  first  advantage,  we  should  select  a  spot 
which  affords  a  solid  foundation  for  building.  The  instruments 
should  rest  upon  stone  piers  whose  foundations  are  either  rock, 
gravel,  or  hard  clay,  for  which  purpose  it  is  sometimes  neces- 
sary to  excavate  the  earth  to  the  depth  of  20  or  25  feet.  To 
prevent  the  transmission  of  tremors  from  the  surface  of  the 
ground  to  the  instruments,  the  earth  should  not  be  filled  in  about 
the  piers,  but  the  latter  should  be  left  completely  insulate.  It 
is  found  that  ordinary  tremors  are  but  little  felt  a  few  feet  below 
the  surface  of  the  earth. 

Proximity  to  a  large  city  or  to  great  thoroughfares  is  most  un- 
desirable ;  but,  if  this  should  prove  unavoidable,  it  is  especially 
important  to  attend  to  the  insulation  of  the  piers. 

(2.)  In  order  to  secure  a  good  horizon,  it  was  formerly  cus- 
tomary to  build  an  observatory  of  great  height,  but,  for  the  pur- 
pose of  securing  greater  stability  of  the  instraments,  astronomers 
now  select  an  eminence  of  moderate  elevation,  from  which  the 
gioond  descends  on  all  sides,  and  place  their  instruments  as  near 
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the  ground  as  can  conveniently  be  done.  It  is  a  matter  of  the 
first  importance  that  the  horizon  be  unobstructed  in  the  direction 
of  the  meridian. 

The  atmospheric  obstructions  which  astronomers  aim  to  avoid 
as  far  as  possible  are  fogs — ^which  are  uncommonly  prevalent  in 
certain  places,  especially  on  low,  swampy  grounds— the  smoke 
and  heated  air  arising  from  chimneys,  factories,  etc.,  as  also  the 
dust  and  noise  of  public  streets.  Certain  localities  are  much 
more  subject  to  clouds  and  high  winds  theui  other  places,  and 
these  are  specially  unfavorable  to  the  operations  of  an  observ- 
atory. 

(3.)  A  transit'instrument  and  a  good  clock  are  indispensable 
to  the  furniture  of  every  observatory.  The  former  requires  an 
opening  in  the  roof  and  down  the  walls  of  the  building,  so  as 
to  afford  a  view  of  the  meridian  from  the  north  to  the  south 
horizon.  This  opening  should  not  be  less  than  eighteen  inches 
wide,  and  should  be  covered  by  doors  which  may  be  easily 
thrown  open,  and  which,  when  closed,  shall  effectually  exclude 
the  rain  and  snow.  A  complete  observatory  must  also  be  frir- 
nished  with  a  graduated  circle  for  measuring  altitudes  or. polar 
distances,  which  will  require  a  second  opening  across  the  roof, 
similar  to  the  one  already  described,  unless  a  meridian  circle  be 
used  for  both  purposes,  in  which  case  one  opening  may  suffice. 

(4.)  An  altitude  and  azimuth  circle,  or  an  equatorial  instru- 
ment, requires  a  revolving  roof,  with  an  opening  from  the  zenith 
to  the  horizon,  to  enable  tiie  observer  to  follow  a  heavenly  body 
in  any  part  of  its  diurnal  course.  This  roof  should  not  be  larger 
than  is  necessary  for  giving  room  to  the  observer  and  to  the  in- 
strument under  it,  lest  its  bulk  and  consequent  weight  should 
impede  its  easy  motion.  It  should  be  made  to  turn  round  on 
a  circular  bed,  placed  in  a  horizontal  position.  The  dome  may 
revolve  on  small  brass  wheels,  set  in  a  ring  of  wood  of  proper 
dimensions,  or  on  cast-iron  balls,  turned  in  a  lathe  so  as  to  be  of 
exactly  equal  diameter. 

The  figure  on  the  opposite  page  represents  a  section  of  a  rota- 
tory dome  suitable  for  a  small  observatory.  The  letters  AA 
represent  an  opening  18  or  20  inches  in  width,  extending  from 
the  top  of  the  dome  down  one  side  to  the  horizon,  and  closed 
by  three  doors,  of  which  each  upper  one  overlaps  the  next 
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lower  one,  so  as  to  exclude  &e  rain  and  snow.  The  wooden 
plate,  BB,  which  appears 
a  straight  line,  is  a  circn- 
lar  ring,  which  forms  the 
iMseofthedome;  andCC 
is  &  similar  ring,  forming 
the  wall  plate  on  which 
the  dome  rests  end  re- 
volves. 

(5.)  A  modern  ohserv- 
atory  generally  consists 
of  a  central  building,  of 
moderate  elevation,  sur- 
mounted by  a  revolving 
dome  covering  an  equa- 
torial telescope,  and  hav- 
ing small  wings,  mnning 
east  and  west,  in  which 

are  placed  the  instruments  which  are  designed  for  observations 
in  the  meridian.  The  sketch  on  page  16  represents  a  section 
of  the  Washington  Observatory.  Aba  pier  of  solid  masonry, 
whose  foundations  are  nine  feet  below  the  surface  of  the  ground. 
It  runs  through  the  centre  of  the  main  building,  and  on  the 
top  rests  the  equatorial,  E,  surmounted  by  a  revolving  dome. 
Both  on  the  east  and  west  sides  of  the  central  building  is  a 
wing,  each  of  which  has  two  openings  20  inches  wide,  extond- 
ing  throogh  the  roof  and  along  the  sides  of  the  building,  so  as  to 
allow  an  unobstructed  view  of  the  meridian.  C  represents .  the 
meridian  circle,  and  T  the  transit  instrument.  The  mural  circle 
was  formerly  attached  to  the  pier.  If ,  in  the  west  wing,  bnt  it 
has  since  been  removed  to  the  pier,  P,  in  the  east  wing. 

(6.)  It  is  desirable  to  have  access  to  some  distant  field,  both 
north  and  south,  where  it  may  be  permitted  to  erect  a  pillar  on 
which  to  fix  a  meridian  mark.  This  mark  should  be  at  such  a 
distance  that  it  may  be  distinctly  seen  with  the  solar  focus  of 
the  transit  instrument,  whioh,  for  a  small  instrument,  may  be 
a  distance  of  >inlf  a  mile,  but  for  a  large  instrument,  may  be  a 
mile  or  several  miles.  The  Royal  Observatory  at  Edinbui^h 
)iaa  two  meridian  marks,  the  northern  one  distant  about  8000 
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fijet,  and  the  sonthem  aboat  18,000.  These  cUstast  marks, 
however,  are  not  iudispensabla,  and  at  Ch%enwioh  their  use  has 
been  abandoned. 

(7.)  By  applying  to  the  object  end  of  the  telescope  a  cap,  -mOx 
a  lens  of  long  focDS,  we  may  employ  a  near 'meridian  mark, 
which,  in  some 
respects,  is  more 
oonvenient  than 
a  distant  one. 
The  annexed  fig- 
ure represents  a 
meridian  mark 
nsed  by  Gaptun 
Smyth,  of  Bed- 
fatd,     England. 

A  brass  plate,  five  inches  long  and  three  inches  wide,  is  seonred 
by  screws  to  a  stono  whioh  has  a  firm  foundation  sunk  into 
the  gronnd.  On  this  plate  there  slides  another  of  smaller  size, 
adjustable  by  two  screws  pressing  against  its  ends.  On  the 
sliding  plate  is  soldered  a  square  piece  of  silver,  bearing  a  well- 
defined  black  oroes  as  a  mark  for  the  meridian.  A.  four-inch 
lens,  gronnd  to  a  focal  length  of  49}  feet,  whioh  is  exactly  its 
distance  from  the  cross,  is  attached  to  an  iron  plate,  whioh  is 
let  into  the  south  wall  of  the  observatory,  in  a  line  with  the 
transit  instrument.  The  rays  of  light  from  the  meridian  mark 
consequently  beoome  parallel  after  passing  through  the  lens, 
and  the  mark  can  be  viewed  through  a  telesoope  adjusted  to  its 
solar  focus. 

TEE   TELESCOPE. 

(8.)  The  object-glass  of  a  refracting  telesoope  most  he  ach- 
romatic, consisting  of  two  lenses  so  combined  as  to  destroy  the 
injurious  elTeots  of  color  and  aberration.  The  available  diam- 
eter of  the  object-glass  is  called  its  aperture,  and  is  usually  a 
littie  less  than  that  of  the  tube  in  which  it  is  inserted.  It  forms 
the  image  of  an  object  toward  whioh  it  may  be  directed  near 
the  eye  end  of  the  telescope.  The  distance  from  this  image  to 
the  objeot-glasa  is  called  the  focal  length  of  the  telescope,  and 
is  commiKily  a  little  greater  than  the  length  of  the  main  tube. 
B 
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This  image  is  magnified  by  a  microscope  called  an  eye-piece, 
consisting  of  two  or  more  lenses,  and  several  of  them  are  fur* 
nished  with  every  telescope,  in  order  to  afford  a  variety  of  mag- 
ni^ing  powers.  The  eye-piece  is  set  in  a  sliding  tube,  and  is 
moved  by  a  milted  head,  connected  with  a  rack  and  pinion,  to 
enable  the  observer  to  adjust  the  eye-piece  exactly  tiJthe  image. 
(9.)  Two  varieties  of  eye>pieces  are  in  common  use,  one  called 
the  negative,  the  other  the  positive  eye-piece.     The  negative 

3  eye-piece  is  formed  of  two  planoKionvex  lenses, 
A,  B,  fixed  with  their  curved  faces  toward  the 
object-glass,  at  a  distance  from  each  other 
something  less  than  half  the  sum  of  their  focal 
lengths.  It  is  called  a  n^ative  eye-piece,  be- 
cause the  image  viewed  by  the  eye  is  formed 
behind  the  inner  lens,  and  this  is  the  form  generally  used  when 
distinct  vision  is  the  sole  object. 

(10.)  The  positive  eye-piece  is  formed  of  two  plano-convex 
n    lenses,  C,  D,  having  their  curved  faces  turned 
k  ^     toward  each  other,  and  placed  at  a  distance 

Ho  u  I      from  each  other  less  than  the  focal  distance  of 

■  in   the  lens  next  the  eye,  so  that  the  image  of  the 

^  '^'J    object  viewed  is  beyond  both  the  lenses ;  and 

this  is  the  form  adopted  for  the  transit  instrument  where  spider 
lines  ere  placed  in  the  focus  of  the  object-glass,  and  also  for 
tele8cq)es  with  micrometers,  for  the  piece  containing  the  two 
lenses  can  be  taken  out  without  disturbing  the  lines,  and  is  ad- 
justable for  distinct  vision.  As  the  image  formed  at  the  focus 
of  the  object-glass  lies  parallel  to  the  fiat  face  of  the  contiguous 
lens,  every  part  of  the  field  of  view  is  distinct  at  the  same  ad- 
justment, or,  as  opticians  say,  there  is  a  flat  field. 

(11.)  In  looking  through  a  telescope  at  objects  in  high  alti- 
tudes, the  head  of  the  observer  is  brought  into  a  very  incon- 
venient position ;  to  obviate  which  inconvenience,  the  diagonal 
1  eye-piece  was  invented,  and  is  commonly  applied 
to  the  transit  instrument.  A  flat  piece  of  pol- 
ished speculum  metal,  E,  is  usually  applied  be- 
tween the  two  lenses  of  the  eye-piece,  at  an  an- 
gle of  45°,  which  changes  the  direction  of  the 
rays  of  light,  and  forms  an  image  which  becomes  erect  with 
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respect  to  altitude,  but  is  still  reversed  with  respect  to  azi- 
muth. 

(12.)  Instead  of  a  piece  of  reflecting  metal,  that  requires  a 
surface  perfectly  flat,  which  is  not  easily  obtained,  a  rectangu- 
lar prism  of  glass  is  sometimes  substi- 
tuted. A  section  of  the  prism  ABC,  per- 
pendicular to  its  edge,  must  be  an  isos- 
celes right-angled  triangle.  If,  there- 
fore, a  ray  of  light,  DE,  from  the  ob-  ^ 
ject-glass  &11  upon  the  surface,  AB,  of  ^ 
the  prism  perpendicularly,  it  will  pro- 
ceed without  change  of  direction  to  E, 
will  there  sufier  total  reflection,  and  will  pass  through  the  side 
AC  without  deviation.  The  prism  has  this  advantage  over  the 
plane  speculum,  that  much  less  light  is  lost  in  the  reflection. 

(13.)  Reflecting  telescopes  are  of  various  kinds,  but  the  two 
<diiefly  employed  at  present  are  the  Newtonian  and  Herschelian. 
In  the  Newtonian  form,  the  rays  reflected  from  the  large  mirror 
at  the  lower  end  of  tl\e  tube  are  again  reflected  at  right  angles 
by  an  inclined  plane  mirror,  and  viewed  by  an  eye-piece  on  the 
side  of  the  tube.  The  observer,  accordingly,  in  using  this  in- 
strument, looks  in  a  direction  at  right  angles  with  the  tube  of 
the  telescope. 

In  the  Herschelian  construction,  the  large  mirror  is  sUghtly 
inclined,  so  as  to  form  the  image  close  to  one  side  of  the  tube, 
where  the  eye-piece  is  placed,  and  the  observer  looks  down  the 
tube  with  his  back  turned  toward  the  object  under  examination. 
Some  portion  of  the  light  from  the  object  is  necessarily  inter- 
cepted by  the  head  of  the  observer ;  but  in  a  large  instrument 
this  loss  is  not  very  serious. 

(14.)  If  the  solar  focal  distance  of  the  object-glass  of  the  tele- 
scope be  divided  by  the  focal  distance  of  its  eye-piece,  consid- 
ered as  a  single  lens,  the  quotient  will  express  the  magnifying 
power  of  the  telescope.  An  ordinary  celestial  eye-piece  consists 
of  two  lenses ;  so  that,  before  we  can  determine  the  magnify- 
ing power  of  the  telescope,  we  must  know  what  single  lens  is 
equivalent  to  the  two  lenses  of  the  eye-piece.     The  focal  length 

of  the  equivalent  lens  is  given  by  the  formula  E== — ^— -^ 
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where  F  denotes  the  solar  focal  length  of  the  inner,  /  that  of 
the  outer  lens,  d  the  distance  between  them,  and  E  the  focal 
length  of  the  equivalent  lens.  Then,  if  we  put  S  for  the  solar 
focal  distance  of  the  object-glass,  the  magnifying  power  will 

be  T=r. 
E 

(15.)  As  it  is  difficult  to  measure  exactly  the  focal  length  of 
the  lenses,  other  methods  of  determining  the  magnifying  power 
of  a  telescope  are  generally  preferred. 

Let  the  focus  of  the  telescope  be  accurately^  adjusted  to  dis- 
tant objects.  Then,  if  we  direct  the  telescope  toward  the  light 
of  the  sky,  a  small  bright  circle  will  be  formed  near  the  eye- 
piece, which  is  nothing  else  than  the  image  of  the  aperture  of 
the  telescope.  If,  then,  we  measure  the  diameter  of  this  circle 
by  means  of  a  scale  divided  into  very  small  equal  parts,  and  like- 
wise the  aperture  of  the  telescope,  the  diameter  of  the  aperture 
thus  determined,  divided  by  the  diameter  of  the  bright  image, 
will  express  the  magnifying  power  of  the  telescope.  For  exam- 
ple, let  the  clear  diameter  of  the  object-glass  be  10  inches,  and 
the  diameter  of  the  small  bright  circle  be  one  tenth  of  an  inch, 
then  will  100  represent  the  magnifying  power  of  the  telescope. 
Various  contrivances  have  been  employed  for  measuring  the  di« 
ameter  of  this  small  circle  of  light,  but  the  best  method  is  by 
means  of  Ramsden^s  Dynameter. 

(16.)  The  following  is  Grauss's  method  of  determining  the 
magnifying  power  of  a  telescope :  If  we  invert  the  telescope, 
and  direct  the  eye-piece  toward  some  distant  object,  then,  on 
looking  through  the  object-glass,  the  image  of  this  object  will 
appear  as  many  times  reduced  in  size  as  it  would  be  magnified 
by  the  telescope  if  we  observed  through  the  eye-piece.  We 
therefore  direct  the  telescope  so  that  two  objects  can  be  dis- 
tinctly seen  through  the  object-glass  in  the  middle  of  the  field 
of  view,  or  at  equal  distances  on  the  two  sides  of  the  optical 
axis.  We  then  point  a  theodolite  toward  this  telescope,  so  that 
its  optical  axis  shall  C(»ncide  nearly  with  the  optical  axis  of  the 
telescope,  and  measure  the  angle  a,  included  between  the  ima- 
ges of  the  above-mentioned  objects  as  they  appear  in  the  invert- 
ed position  of  the  telescope.  We  then  remove  the  telescope,  and 
measure  with  the  theodolite  the  angle  A,  which  is  comprdiended 
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between  the  objects  themselves ;  the  required  magnifying  pow- 
er =_-hL| —  ;  and  if  the  angles  A  and  a  are  small,  the  mag- 
tang,  t  ^  ^ 

A 
nifying  power  =—  nearly. 

(17.)  The-  magnifying  power  of  a  telesoope  may  also  be  ob- 
tained in  the  following  manner :  K  a  disk  of  white  paper,  one 
inch  in  diameter,  be  placed  on  a  black  ground  at  80  or  40  yards 
distance  firom  the  telescope,  and  a  staff,  painted  white  and  di« 
vided  into  inches  and  parts  by  strong  black  lines,  be  placed  vert- 
icaUy  near  the  disk,  the  eye  that  is  directed  through  the  tele- 
scope, when  adjusted  for  vision,  will  see  the  magnified  disk,  and 
the  other  eye,  looking  along  the  outside  of  the  telescope,  will  ob- 
serve the  number  of  inches  and  parts  that  the  disk  projected  on 
it  will  just  cover ;  and  the  number  of  inches  thus  covered  will 
indicate  the  magnifying  power  of  the  telescope  at  the  distance 
for  which  it  is  adjusted  to  distinct  vision. 

For  example,  a  disk  of  paper,  one  inch  in  diameter,  was 
placed  at  a  distance  ollOl^  feet,  contiguous  to  a  graduated 
vertical  staff,  and,  when  the  adjustment  for  vision  was  made 
vnth  a  42-inch  telescope,  the  left  eye  of  an  observer  viewed  the 
disk  projected  on  the  staff,  while  the  right  eye  observed  that  the 
enlarged  image  of  the  disk  covered  just  58^  inches  on  the  staff; 
which  number  was  the  measure  of  the  magnifying  power  P',  at 
the  distance  answering  to  the  focal  distance  F^  which  in  this 
case  exceeds  the  solar  focal  length  F  by  an  inch  and  a  half. 
The  solar  power  P  may  be  obtained  &om  the  terrestrial  or  meas- 
ured power  P'  by  the  following  propcnrtion : 

F':F::F:P. 

In  the  present  case  we  have 

43.5 :  42 : :  58.5  :  56.5  nearly. 

Henoe  the  magnifying  power  due  to  the  solar  focal  length  of 
the  telesoope  is  56.5. 

(18.)  Every  telescope  of  considerable  magnifying  power 
should  be  fiimiahed  with  b.  finder ;  that  is,  a  small  telesoope  of 
a  low  power  and  a  large  field  of  view,  attached  to  the  side  of 
tihe  larger,  with  their  axes  parallel  to  each  other.  In  the  com- 
mon focus  of  the  object-glass  and  eye-glass  is  a  pair  of  coarse 
wires,  intersecting  each  other  in  the  middle  of  the  field.    A  tel* 
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esoope  with  a  high  magnifying  power  has  a  very  small  field  of 
view,  and  therefore  an  observer  may  have  great  difficulty  in 
finding  a  small  object  for  which  he  is  searching.  This  incon- 
venience is  obviated  by  the  finder.  The  telescope  is  pointed  ap- 
proximately toward  a  star  by  glancing  the  eye  along  the  tube, 
when  the  star  will  be  seen  in  the  finder,  because  its.  field  of  view 
is  very  large.  The  object  is  then  brought  into  the  middle  of 
the  field  of  the  finder,  which  is  indicated  by  the  intersection  of 
the  wires,  when  it  will  be  somewhere  in  the  field  of  the  larger 
telescope. 

(19.)  In  order  to  judge  of  the  excellence  of  a  telescope,  we 
should  examine  the  quality  of  the  glass,  and  also  the  accuracy 
with  which  the  chromatic  and  spherical  aberrations  are  cor- 
rected. We  may  judge  of  the  achromatism  by  directing  the 
telescope  to  the  moon  or  to  Jupiter,  and  alternately  pushing  in 
and  drawing  out  the  eye-piece  firom  the  place  of  distinct  vision. 
In  the  former  case,  a  ring  of  purple  will  be  formed  round  the 
edges ;  and  in  the  latter,  a  ring  of  light  green,  which  is  the  cen- 
tral color  of  the  prismatic  spectrum ;  for  these  appearances  show 
that  the  extreme  colord,  red  and  violet,  are  corrected. 

(20.)  We  may  test  the  figure  of  the  object-glass  by  covering 
its  centre  by  a  circular  piece  of  paper,  about  one  half  of  its  di- 
ameter, and  adjusting  it  for  distinct  vision  of  a  given  object,  and 
then  trying  if  the  focal  length  remains  unaltered  when  the  pa- 
per is  taken  away,  and  a  cap  with  an  aperture  of  the  same  size 
is  applied,  so  that  the  extreme  rays  may  in  their  turn  be  cut^>if. 
If  the  vision  is  distinct  in  both  cases,  without  any  new  adjust- 
ment for  focal  distance,  the  spherical  aberration  is  corrected. 

(21.)  If  one  part  of  the  object-glass  have  a  different  refractive 
power  from  another  part,  a  star  of  the  first  magnitude  will  point 
out  the  .defect  by  the  exhibition  of  an  irradiation,  or  what  op- 
ticians call  a  winffj  at  one  side,  which  no  perfection  of  figure 
or  of  adjustment  will  banish ;  and  the  greater  the  aperture,  the 
more  liable  is  the  evil  to  happen.  Hence  caps  with  different 
apertures  are  usually  supplied  with  large  telescopes,  that  the 
extreme  parts  of  the  glass  may  be  cut  off  in  observations  requir- 
ing a  well-defined  image.  In  case  one  half  of  the  glass  be  faulty 
and  the  other  good,  a  semicircular  aperture,  by  being  turned 
gradually  round,  will  detect  the  semiicirde  which  contains  the 
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defective  portion  of  the  glass ;  and  if  such  portion  should  be  cov- 
ered, the  only  inconvenience  that  would  ensue  would  be  the  loss 
of  the  light  which  is  thus  excluded. 

(22).  The  most  precise  mode  of  estimating  the  capacity  of  a 
telescope  is  by  observations  of  a  series  of  test  objects  in  the 
heavens.  These  objects  should  be  selected  with  reference  both 
to  illuminating  power  and  defining  power,  which  qualities  are 
quite  distinct  from  each  other.  The  usual  tests  of  illuminating 
power  are  stars  of  such  a  degree  of  faintness  as  barely  to  come 
veithin  the  range  of  the  telescope ;  and  the  tests  of  defining 
power  are  double  stars,  as  close  to  each  other  as  can  be  dis- 
tinctiy  seen  separated.  The  follo\sung  list  of  close  double  stars 
will  afibrd  a  considerable  range  of  tests  for  defining  power : 


Star. 


17  Herculis 

y  CoTons  Borealis  . . . 
42  Gome  BerenicU  . . 

7*  Andromeda 

i^  Leonis 

4  Aquarii 

178  P.  Delphini 

fi*  Bootis 

e  Equulei 

20  DraconiB 

7  Tauri 

9  Corone  Borealis  . . . 

e  ArietU 

r  Ophiuchi 

32  Ononis 

36  Andromedn 

37  Pegasi 

^  Cancri 

^  HercuUs 

C  Bootis 

170  P.  Canis  Minoris. 
A  Ophiuchi 

73  Ophiuchi 

TT  Aquils 

127P.Vir«ni8 

a  Corons  Borealis  . . . 

I  Leonis 

H  Lyrs 


R.  A.,  1850.   Dec.,  1850. 


A.    m.    «.  I  o      ' 
16  37  46  39  12.7  N. 
15  36  27  26  46.5  N. 
18 


2  41 
54  43 


13 

1 

9  20  25 
20  43  28 
20  24     2 

15  18  51 
20  51  35 

16  55  41 
3  25  34 

16  17  0 
2  50  39 

17  54  65 
5  22  46 
0  46  57 

22  22  23 
8     3  36 

16  35  38 

14  33  69 
7  32     9 

16  23  21 

18  2     7 

19  41 
13  26 

9 
16 


Lyra 


yCcti 

11  Monocerotis, 

^  Urse  Majoris , 

/  Leonis 

y  Virginis 

e  Bootis 

e  Draconis .... 
fi  Draconis  . . . 
a  Piscium 


16 
11 


38 
38 

4 


19.5  N. 
36.5  N. 

42.4  N. 

11.0  S. 

10  45.5  N. 
37  62.6  N. 

43.3  N. 

16.1  N. 

67.5  N. 
30  50.0  N. 
20  44.2  N. 

10.5  S. 

49.8  N. 

22  48.9  N. 

3  40.3  N. 

5.8  N. 

52.7  N. 

14  22.5  N. 

5  34.3  N. 

2  19.0  N. 

3  58.4  N. 

11  26.8  N. 
27.3  N. 
145  N. 
21.3  N. 


41 
9 
6 


3 
65 
23 


8 
5 


18 
31 


Magnitudes. 


0 
34 


611 

18  39  25,39  27.5  N. 

18  39  22  39  30.9  N. 

2  35  32 


33 
10 
42 
4 
26 
39 


6  21 

11  10 
10  11 

12  34 
14  38 
19  48 
17    2  14 

1  54  18 


2  36.1  N. 

6  56.4  S. 
32  22.4  N. 
20  35.9  N. 

0  37.6  S. 
27  42.6  N. 
69  53.1  N. 
54  40.1  N. 

2    2.3  N. 


A3 

A5 

A4i 

B6^ 

A6i 

A6 

B8 

A8 

A  5^ 

A7 

A6 

A6 

A6 

A6 

A5 

A6 

A6 

A6 

A3 

A4 

A7 

A4 

A6 

A6 

A8 

A6 

A4 

G5^ 

A  5^ 

A3 

B7 

A4i 

A2i 

A4 

A3 

A  5^ 

A5 

A6 


B8 

B7 

B5 

C6 

B7 

B7i 

G9 

B8i 

B7 

B7i 

B6i 

B6i 

B7 

B6i 

B7 

B7 

B7i 

B6^ 

B7 

B4^ 

B8 

B6 

B7i 

B7 

B9 

B7 

B8 

D51 

B6^ 

B7 

08 

B5i 

B4 

B4 

B7 

B9 

B5 

B6 


Distance. 


0.3 

0.4 

0.4 

0.4 

0.4 

0.5 

0.6 

0.6 

0.7 

0.7 

0.7 

0.8 

0.8 

0.9 

1.0 

1.1 

1.1 

1.2 

1.2 

1.2 

1.3 

1.4 

1.5 

1.7 

1.7 

2.2 

2.5 

2.6 

3.2 

2.6 

2.7 

2.7 

2.9 

8.0 

30 

3.1 

3.2 

3.7 


Binary. 
Quadruple. 


Binary. 
Binary. 


Triple  star. 
Binary. 


Binary. 


Binary. 
Binary. 

Multiple. 

Triple  star. 
Binary. 

Binary. 


24 


Practical  Astronomy. 


(23.)  As  tests  of  illaminating  power  may  be  mentioned  the 
satellite  of  Neptune,  whioh  is  equal  to  a  star  of  the  fourteenth 
magnitude,  and  is  not  known  to  have  been  seen  by  more  than 
three  or  four  telescopes  in  any  part  of  the  world ;  the  satellites 
of  Uranus,  which  are  about  equally  difficult ;  and  the  three 
smaller  sateUites  of  Saturn.  The  new  sateUite  of  Saturn,  dis- 
covered by  Mr.  Bond,  is  estimated  to  be  equal  to  a  star  of  the 
seventeenth  magnitude. 

The  following  table  of  faint  and  unequal  stars  will  also  afford 
a  good  measure  of  illuminating  power : 


star. 

R.  A.,  1850. 

Dec,  1850. 

Magnitudes. 

Distance. 

<J  Cygni 

A.   m.    ». 
19  40  17 

O              ' 

44  46.0  N. 

A3 

B    9 

1.7 

y  Grateris 

11  17  23 

16  61.6  S. 

A4 

B14 

3.0 

a  Gassiopes  . . . 

23  51  26 

64  66.2  N. 

A6 

B    8 

3.1 

11  Gancri 

7  69  39 

27  64.6  N. 

A7 

B  12 

3.2 

Antares 

16  20  13 

26    5.6  S. 

Al 

BIO 

3.5 

17  Lyre 

19     1  45 

32  16.1  N. 

A6 

Bll 

3.6 

84Geti 

2  33  33 

1  20.2  S. 

A6 

B14 

5.0 

a*  Gapricomi . . . 

20    9  43 

13     0.3  S. 

A3 

B16 

5.0 

^  Virginis 

14  20  29 

1  33.1  S. 

A5 

B13 

6.0 

16  Pleladum  . . . 

3  86  58 

22  40.5  N. 

A8 

B  14 

6.0 

y  Geti 

2  28     0 
7  36  23 

4  66.1  N. 
24  46.2  N. 

A4i 
A4 

B  15 
B  10 

6.0 
6.1 

K  Greminoram  . . 

34  Pificium  .... 

0     2  20 

10  18.6  N. 

A6 

Bm 

7.0 

6  Geminoriim  . . 

7  11  10 

22  16.2  N. 

A4 

B    9 

7.1      ' 

0  Piscium 

1     6  37 

23  47.3  N. 

A6 

B13 

9.0 

^  Ononis 

6     7  19 

8  22.8  S. 

Al 

B    9 

9.5 

9  Gassiopes .... 

0  40    3 

57     1.1  N. 

A4 

B    7^ 

96 

X  Geminorum  . . 

7     9  28 

16  48.4  N. 

A4 

B  12 

10.3 

e  Persei 

2  33  68 

48  35.4  N. 

A4 

B  13 

16.0 

41  Arietis 

2  41     9 

26  38.4  N. 

A3 

B13 

16.0 

^  Pegasi 

22  39  12 

11  24.4  N. 

A6 

B15 

16.0 

r  Ononis 

6  10  19 

7    0.6  S. 

A4 

B  15    C  12 

16.0  and  20.0 

Polaris 

1     5     1 

88  30.6  N. 

A  2i  B    9^ 

18.6 

/3  Aquarii 

21  23  39 

6  13.7  S. 

A3 

B  15 

26.0 

7  Gamelopardi . . 

4  46  16 

63  30.3  N. 

A6 

B13 

27.0 

6  Equulei 

21     7  11 

9  24.1  N. 

A  41^  B  11 

28.2 

42  Piscium 

0  14  40 

12  38.9  N. 

A7 

B  13 

36.0 

a  Lyr« 

18  31  51 

38  38.8  N. 

Al 

Bll 

43.4 

a  Arietis 

1  68  44 

22  46.0  N. 

A3 

Bll 

300 

(24.)  Some  of  the  nebulee  afford  excellent  tests  of  the  per- 
formance of  a  telescope.  Certain  nebulae,  which,  to  an  ordinary 
telescope,  appear  merely  as  a  dim  patch  of  light,  by  more  pow- 
erful instruments  are  resolved  wholly  into  stars,  and  others  are 
partially  resolved. 

The  following  are  some  of  the  most  interesting  objects  of 
this  class: 
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R.  A.,  1850. 


Dec.,  1850. 


Nebula  of  Andromeda . . . . 

33  H.  Peraei 

19  H.  Andiomeds 

60  H.  Pcreei 

Crab  nebula 

Nebula  in  Orion 

2  H.  Geminorum 

67  M.  Gancri 

27  H.  Hydra 

97  M.  Urss  Majoris 

60  M.  Virginia 

64  M.  GomiB  Berenicis  . . . 
53  M.  Gome  Berenicis  . . . 
Spiral  nebula   

3  M.  Ganum  Venaticorum 

70  H.  Virginia 

5  AL  Librs 

13  M.  Herculia 

10  M.  Ophiuchi 

17  M.  Glypei  Sobieakii .  . . 

28  M.  Sagittarii 

Annular  nebula  in  Lyra  . . 

66  M.  Lyrs 

Dumb-bell  nebula 

103  H.  Delphini 

15  M.  Pegasi 

2  M.  Aquarii 

30  M.  Gapricomi 


0  34  37 
2  8  39 

2  13  12 

3  58  66 

5  25  27 

6  27  54 
6  46  31 
8  42  58 

10  17  29 

11  5  59 

12  36  3 

12  49  21 

13  5  32 
13  23  31 

13  35  12 

14  21  44 

15  10  56 

16  36  19 
16  49 
18  11 
18  16  17 

18  47  59 

19  10  42 

19  53  4 

20  26  50 

21  22  42 
21  25  40 
21  31  50 


16 

57 


26.9  N. 
271  N. 
38.9  N. 
6.2  N. 
54.7  N. 

29.5  S. 
9.8  N. 

21.4  N. 

53.6  S. 

49.7  N. 

22.8  N. 

30.0  N. 

58.1  N. 
47  58.6  N. 
29  7.3  N. 

17.8  S. 

39.0  N. 

44.6  N. 

52.8  S. 

15.8  S. 
24  56.7  S. 
32  50.8  N. 
29  55.2  N| 

22  18.7  N 
6  55.2  N 

11  30.0  N 
1  29.5  S. 

23  49.8  S. 


40 
56 
41 
49 
21 
5 
18 
12 
17 
55 
12 
22 
18 


5 
2 

36 
3 

16 


Large  and  irreaoWable. 

Glorioua  maaa  of  atara. 

Irreaolvable. 

Gompreaaed  oval  group. 

Large  oval  nebula. 

Great  irreaolvable  nebula. 

A  compresaed  cluster. 

Looae  cluater. 

Fine  planetary  nebula. 

Planetary  nebula. 

A  double  nebula. 

Not  resolved. 

A  globular  cluater. 

Irreaolvable  pair  of  nebule. 

A  globular  cluater. 

Reaolved  in  largest  telescopes. 

A  maaa  of  atara. 

A  aplendid  cluater. 

A  nch  round  masa. 

Horse-ahoe  nebula. 

Gompact  globular  cluster. 

Annular  and  irresolvable. 

Globular  cluater. 

Irresolvable. 

A  mass  of  minute  star?. 

Globular  cluster. 

A  ball  of  stars. 

A  bright  cluater. 


Many  of  the  preoeding  nebulse  are  quite  conspicnotis,  even 
with  a  small  telescope ;  but  the  visible  boundaries  of  these  ob- 
jects, and  the  number  of  stars  which  they  exhibit,  depend  upon 
the  power  of  the  instrument. 

(25.)  The  following  statement,  by  Captain  Smyth,  will  afford 
to  beginners  a  tolerable  idea  of  what  kind  of  performance  they 
ought  to  expect  firom  their  telescopes.  Captain  Smyth^s  tele- 
scope was  an  achromatic  refractor  of  8^  feet  focal  length,  with 
an  object-glass  of  5^  inches  clear  aperture.  The  cap  which 
covered  the  object-glass  was  pierced  with  two  circular  holes,  of 
two  inches  and  four  inches  diameter.  With  the  two-inch  aper- 
ture, and  magnifying  powers  of  from  60  to  100,  he  saw  Polaris 
and  its  companion  distinctly,  and  clearly  perceived  double 


/i  Draoonis, 
fj  CassiopesB. 


a  Fiscium, 
y  Leonis, 

With  the  four-inch  aperture,  and  powers  varying  from  80  to 
120,  and  upward,  he  readily  saw 
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P  Orionis, 
a  Lyrse, 
d  G-eminorura, 
^  UrssB  Majoris, 

But  it  required  the  fiill  aperture,  and  powers  of  from  240  to 
300,  with  favorable  oircumstanoes,  to  scrutinize  satisfactorily 
the  following  test  objects ; 


a  Cassiopese, 
y  Ceti, 
e  Draconis, 
I  Leonis. 


a  Arietis, 
A  Ophiuchi, 
e  Equulei, 
dCygni, 


20  Draconis, 
^  HerculLs, 
32  Orionis, 
«  Geminorum. 


EQUATORIAL    TELESCOPE. 

(26.)  An  equatorial  telescope  consists  of  a  telescope  so  mount- 
ed as  to  have  two  axes  of  motion  at  ri^t  angles  to  each  other, 
and  also  a  graduated  circle  connected  with  each  axis,  at  right 
angles  to  its  length.  When  the  instrument  is  adjusted  for  use, 
one  axis  is  parallel  to  the  axis  of  the  earth,  and  is  called  the 
polar  axis ;  the  other  is  parallel  to  the  pkne  of  the  equator,  and 
is  called  the  declination  axis.  When  a  telescope  is  mounted 
with  an  altitude  and  azimuth  movement  (as  is  the  case  with 
common  portable  instruments),  it  requires  a  motion  in  altitude 
as  well  as  in  azimuth  to  follow  a  star  in  its  diurnal  course ; 
and  these  movements  are  sufficient  to  occupy  both  hands  of  the 
observer.  But  with  a  telescope  mounted  equatorially,  only  one 
motion  is  required  to  follow  a  star ;  that  is,  a  motion  parallel  to 
the  plane  of  the  equator ;  and  this  motion  being  perfectly  uni- 
form, can  easily  be  effected  by  clock-work ;  by  which  means  the 
observer  has  both  his  hands  at  liberty  to  use  a  micrometer,  or 
for  any  other  purpose.  Such  an  instrument,  therefore,  affords 
great  advantages  in  measuring  the  relative  position  of  two  con- 
tiguous bodies,  in  measuring  the  diameters  of  the  planets,  etc. 
The  circle  which  is  connected  with  the  polar  axis  is  graduated 
into  hours,  minutes,  and  seconds  of  time,  to  indicate  the  right 
ascension  of  the  object  under  examination;  while  the  circle 
connected  with  the  declination  axis  is  graduated  into  degrees, 
minutes,  and  seconds  of  arc,  to  indicate  declination  or  polar 
distance. 
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(37.)  The  mode  of  mounting  now  generally  prefened  is  that 
emjJoyed  by  Fraon- 
hofer,   and   is   repre- 
sented in  the  annex- 
ed oat 

a  represents  the 
polar  axis  parallel  to 
the  axis  of  the  earth ; 
h  is  the  right  ascen- 
sion circle  attached  to 
tiie  supporting  frame, 
^idiile  two  verniers, 
attached  to  the  polar 
axis,  and  revolving 
with  the  telescope, 
point  oat  tiie  right  as- 
oensioQ  of  a  star  upon 
this  circle.  The  axis 
c  is  the  declination 
axis,  at  right  angles 
with  the  polar  axis, 
sod  is  mounted,  so  as 
to  revolve  in  its  sup- 
ports ;  while  the  dec- 
lination circle,  d,  in- 
dicates the  declina- 
tion of  the  object 
under      examination. 

"When  the  right  ascension  circle  is  clamped,  the  declination  axis 
may  he  made  to  revolve  through  360°,  by  which  means  the 
telescope  will  he  pointed  successively  to  every  degree  of  dec- 
lination. When  the  declination  circle  is  clamped,  the  polar 
axis  may  he  made  to  revolve  through  360°,  by  which  means 
the  telescope  will  describe  a  complete  circle  of  diurnal  motion. 
Thns,  by  means  of  these  two  motions,  which  are  at  right  an- 
gles to  each  other,  the  telescope  may  he  turned  toward  any  part 
of  the  heavens.  Indeed,  there  are  always  two  positions  of  the 
instrument,  with  reference  to  the  polar  axis,  in  which  the  tel- 
«eoope  may  be  pointed  upon  any  star.     If  we  suppose  the  tele- 
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scope  to  be  in  the  position  represented  in  the  preceding  out, 
and  revolve  it  180°  in  right  ascension,  and  also  about  180°  in 
declination,  the  telescope  will  point  toward  the  same  part  of  the 
heavens  as  at  present ;  but  the  telescope  will  be  on  the  west 
'side  of  the  polar  axis  instead  of  the  east  side.  One  is  called 
the  direct  position ;  the  other,  the  reversed  position  of  the  tel- 
escope. 

Connected  with  the  polar  axis  is  clock-work,  represented  at 
6,  by  which  the  instrument  is  turned,  so  as  to  follow  the  diurnal 
motion  of  a  star,  without  the  necessity  of  any  interference  firom 
the  observer.  The  driving  power  is  the  descent  of  a  weight, 
g*,  which  communicates  motion  to  a  train  of  wheel-work,  and 
ultimately  to  the  polar  axis,  while  its  too  swift  descent  is  reg- 
ulated by  the  friction  of  centrifugal  beJls.  This  contrivance 
serves  to  retain  any  object  upon  which  the  telescope  may  be 
pointed  in  the  centre  of  the  field  of  view  for  hours  in  succession, 
leaving  the  attention  of  the  observer  undistraoted,  and  both  his 
hands  at  liberty. 

(28.)  The  equatorial  requires  the  following  adjustments : 

1.  The  polar  axis  must  be  elevated  to  the  altitude  of  the 
pole. 

2.  The  index  of  the  declination  circle  must  point  to  z&ro 
when  the  line  of  collimation  is  parallel  to  the  equator. 

3.  The  polar  axis  must  be  brought  into  the  meridian. 

4.  The  line  of  collimation  of  the  telescope  must  be  perpen- 
dicular to  the  declination  axis. 

5.  The  declination  axis  must  be  perpendicular  to  the  polar 
axis. 

6.  The  index  of  the  hour  circle  must  point  to  zero  when  the 
telescope  is  in  the  meridian  of  the  place. 

(29.)  First  ilc^wstoew^.— Observe  the  polar  distance  of  any 
known  star  when  near  the  meridian,  and  then,  turning  the 
polar  axis  half  round,  observe  the  same  star  again.  Take  the 
mean  of  the  two  observations,  which  is  the  distance  of  the  star 
firom  the  pole  of  the  instrument ;  correct  it  for  refiraction,  and 
compare  the  result  with  the  true  north  polar  distance  given  by 
the  Nautical  Ahnanac.  If  the  star  is  above  the  pole,  and  the 
instrumental  exceeds  the  true  polar  disteuice,  the  pole  of  the 
instrument  is  below  the  pole  of  the  heavens,  and  vice  versa. . 
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Correct  this  error  by  the  proper  screws  for  raising  or  depressing 
the  polar  axis. 

Example.  When  e  UrssB  Minoris  was  near  the  meridian,  its 
north  polar  distance  was  observed  to  be  7°  44'  7",  the  face  of 
the  declination  circle  being  west ;  and  7^  44'  40''  when  the  face 
of  the  circle  was  east. 

The  mean  of  these  two  observations  is  7°  44'  23".5 ;  the 
refraction  was  52".8 ;  making  the  corrected  polar  distance 
7^  43'  30".7.  The  polar  distance  by  the  Nautical  Almanac 
was  7"^  42'  40".7.  Hence  the  polar  axis  was  60"  too  low.  The 
refraction  is  derived  from  Table  YIII.,  page  364. 

(30.)  Second  Adjustment. — Take  half  the  difference  of  the 
above  two  observations;  this  will  be  the  index  error  of  the 
declination  verniers,  and  they  must  be  moved  accordingly  by 
their  adjusting  screws.  Several  pairs  of  observations  should  be 
taken,  in  order  to  ascertain  these  errors  with  great  accuracy. 

Example.  According  to  the  observations  above  given,  the 
index  error  was  16".d,  to  be  added  to  observations  when  the 
circle  is  west. 

(31.)  Third  Adjustment. — Observe  the  polar  distance  of  a 
star  which  is  six  hours  from  the  meridian,  the  star  being  not 
very  near  the  pole,  nor  yet  near  the  horizon.  Correct  this  for 
refraction  in  polar  distance,  and  compare  the  result  with  the 
true  polar  distance  from  the  Nautical  Almanac.  If  the  star  is 
to  the  east  of  the  meridian,  and  the  instrumental  exceeds  the 
apparent  polar  distance,  the  north  pole  of  the  instrument  is  to 
the  west  of  the  celestial  pole. 

Example.  The  polar  distance  of  a  Ursee  Majoris,  when  six 
hours  west  from  the  meridian,  was  observed  to  be  27°  23'  49".0, 
the  face  of  the  circle  being  west.  Correcting  this  for  index  er- 
ror found  alxive,  16".5,  and  for  refraction  30".8,  the  result  is  27° 
24'  36".3.  The  polar  distance  by  the  Nautical  Almanac  is  27° 
24'  43".7.     Hence  the  pole  of  the  instrument  was  7".4  west. 

(32.)  The  influence  of  refraction  upon  the  right  as- 
cension and  declination  of  a  star  may  be  computed  as 
follows : 

Let  A  represent  the  true  position  of  a  star,  B  its 
i^parent  position  affected  by  refraction ;  then  AB  rep-  ^' 
resents  the  refraction  in  altitude.     Let  BG  represent    * 
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a  portion  of  an  hour  cirole  passing  through  B,  and  let  AC  be  an 
aro  perpendicular  to  BC.  Then  ABC  may  be  regarded  as  a  plane 
right-angled  triangle,  in  which  AC  represents  the  effect  of  re- 
fraction in  right  ascension,  and  BC  the  effect  in  declination. 

Now    AC  =  AB  sin.  ABC ;  and  BC = AB  cos.  ABC. 

The  angle  ABC,  which  we  will  represent  by  p,  is  called  the 
paraUactic  angle,  and  the  mode  of  computing  it  is  shown  in 
Art.  145.  Hence  the  refraction  in  right  ascension  is  equal  to 
the  refraction  in  altitude,  multiplied  by  the  sine  of  the  paral- 
lactic angle ;  and  the  refraction  in  declination  is  equal  to  the 
refraction  in  altitude,  multiplied  by  the  cosine  of  the  parallactic 
angle.  The  refraction  in  right  ascension  is  here  expressed  in 
parts  of  a  great  circle ;  if  we  wish  to  reduce  it  to  arc  of  right 
ascension,  we  must  divide  this  result  by  the  cosine  of  the  star's 
declination,  as  shown  in  Art.  72.     Hence  we  have 

■n  iv    j^      •    T>    A      ref.  in  alt.  x  sin.  p 

Refraction  m  R.  A.  = = —. 

COS.  dec. 

Refraction  in  Dec.=ref.  in  alt.  x  cos.  p. 

(33.)  Fourth  Adjustment, — Observe  the  transit  of  an  equa- 
torial star  over  the  middle  vertical  wire,  or  mean  of  the  wires ; 
note  the  time,  and  read  off  the  verniers  of  the  hour  circle. 
Turn  the  polar  axis  half  round,  and  observe  the  same  star  a 
second  time  exactly  as  before.  Now  the  interval  between  the 
two  observations  should  correspond  exactly  to  the  difference  be- 
tween the  two  readings  of  the  hour  circle.  If  they  do  not  cor- 
respond, it  is  evident  that  one  of  the  transits  has  been  observed 
too  early,  and  the  other  too  late,  on  account  of  the  erroneous  po- 
sition of  the  wires.  One  half  the  difference  between  the  inter- 
val as  measured  by  the  clock,  and  that  by  the  hour  circle,  will 
be  the  error  of  collimation. 

Example,  The  following  observations  were  made  upon  ^ 
Ophiuchi : 


Faeo  of  Circle. 

Sidereal  Time. 

Hour  Circle. 

West     .     .      . 
East     .     .     . 

h.      m.        t. 

16  12  68.8 
16  19    9.7 

A*       7R.           S. 

0    6  61.0 
0  13    0.6 

The  interval  between  the  two  observations  is  6m.  10.9s.; 
the  difference  between  the  two  readings  of  the  hour  circle  is 
6m.  9.5s.     One  half  ibe  difference  is  0,7s.,  which  is  the  error 
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of  oollimation  to  be  added  to  the  readings  of  the  hour  circle 
when  the  circle  is  east. 

(34.)  Fifth  Adjustment.-^ The  declination  axis  should  be 
placed  by  the  maker  perpendicular  to  the  polar  axis,  and,  hay« 
ing  been  once  accurately  adjusted,  is  not  liable  to  subsequent 
derangement.  The  accuracy  of  this  adjustment  may  be  tested 
as  follows :  Bring  the  declination  axis  into  a  horizontal  position 
by  means  of  a  spirit-level,  whose  legs  rest  upon  the  extremities 
of  the  declination  axis,  and  read  the  hour  circle.  Turn  the  po- 
lar axis  half  round ;  bring  the  declination  axis  into  a  horizontal 
position  by  means  of  the  level,  as  before,  and  again  read  the 
hour  circle.  If  the  readings  agree  in  both  positions,  or  differ  by 
12L  (when  the  graduation  is  to  24h.),  the  declination  axis  is 
adjusted.  If  the  readings  do  not  agree,  the  declination  axis  is 
not  perpendicular  to  the  polar  axis.  If  the  declination  axis  is 
famished  with  adjusting  screws,  place  the  hour  circle  half  way 
between  the  position  it  actually  has  and  that  which  it  ought  to 
occupy,  in  order  that  the  readings  may  differ  by  exactly  twelve 
hours,  and  make  the  declination  axis  horizontal  by  raising  or 
depressing  the  proper  screws. 

(35.)  This  adjustment  may  be  tested  astronomically  as  fol- 
lows :  Observe  the  transit  of  a  star  not  less  than  45^  firom  the 
equator,  in  both  positions  of  the  polar  axis,  as  directed  for  the 
fourth  adjustment.  Since  an  elevation  of  the  west  end  of  the 
declination  axis  causes  the  line  of  sight  to  describe  a  circle  to 
the  east  of  the  pole,  all  the  transits  observed  in  that  position 
will  be  too  early ;  and,  vice  versa^  all  will  be  too  late  when  the 
east  end  is  high.  Again,  if  the  west  end  is  too  high  before 
reversing,  the  east  end  is  too  high  after  reversing,  so  that  an 
error  of  inclination  has  a  different  effect  upon  observations  in 
reversed  positions,  and  thus  the  interval  is  increased  or  dimin- 
ished by  twice  the  error  of  a  single  observation.  The  law  of  the 
error  is,  that  it  varies  as  the  tangent  of  the  star's  declination. 
If  we  represent  the  interval  between  the  observations,  as  meas- 
ured by  the  clock,  by  er,  and  the  interval,  as  measured  by  the 
hour  circle,  by  A,  then 

2  tang.  dec. 
wiU  be  the  error  in  the  position  of  the  declination  axis. 
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(36.)  Sixth  Adjustment.^Set  the  decimation  axis  horizontal 
by  means  of  the  level,  when,  if  the  previous  adjustments  have 
been  properly  performed,  the  instrument  will  be  in  the  meridian, 
and  the  verniers  may  be  set  to  zero.  Or,  clamp  the  instrument 
approximately  in  the  meridian,  observe  the  transit  of  one  or 
more  known  stars  not  far  firom  the  equator,  and  correct  the  time 
of  observation  for  the  error  of  the  clock.  Then,  since  the  right 
ascension  of  the  star = the  true  sidereal  time  of  observation,  db 
the  true  hour  angle  from  the  meridian,  the  true  hour  angle  is 
known,  and  the  verniers  may  be  set  to  mark  it. 

If  it  is  proposed  to  determine  the  absolute  place  of  a  heaven- 
ly body  by  means  of  the  equatorial,  it  is  necessary  to  determine 
its  errors  with  great  accuracy ;  but  this  instrument  is  chiefly 
employed  for  determining  differences  of  right  ascension  and  dec- 
lination of  objects  very  near  each  other,  in  which  case  entire  ac- 
curacy in  all  the  adjustments  becomes  of  less  importance.  , 

THE    MICROMETER. 

(37.)  The  object  of  the  micrometer  is  to  measure  small  ce- 
lestial arcs  in  the  field  of  view  of  a  telescope.  It  appears  un- 
der a  great  variety  of  forms ;  but  the  one  now  most  commonly 
employed  is  called  the  spider-line  micrometer,  or  filar  microm- 
eter. It  consists  essentially  of  two  parallel  spider  lines  inserted 
in  the  common  focus  of  the  object-glass  and  eye-glass,  in  such  a 
manner  that  they  may  be  made  to  coincide  or  be  separated  by 
the  slow  motion  of  a  screw.  The  number  of  revolutions  and 
parts  of  a  revolution  of  the  screw  are  indicated  by  a  scale  out- 
side of  the  tube,  and  this  affords  a  measure  of  the  distance  of 
the  spider  lines,  or  of  any  two  celestial  objects  with  which  they 
may  be  made  to  coincide. 

(38.)  The  figure  on  the  opposite  page  represents  the  spider- 
line  micrometer,  as  made  by  Troughton.  It  consists  of  a  rect- 
angular box,  three  or  four  inches  long,  about  one  inch  broad, 
and  a  quarter  of  an  inch  in  thickness,  with  a  graduated  screw- 
head  at  each  extremity ;  aaaa  are  the  sides  of  the  box  seen 
edgewise ;  bbb^  ccc  are  two  forks  of  brass,  which  slide  one 
within  the  other,  in  opposite  directions,  and  across  them  are 
stretched  the  spider  lines  d  and  e;  ff  aie  fine  screws  attached 
to  the  forks,  and,  passing  through  the  ends  of  the  box,  enter 
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the  milled  heads  gg,  with  each  of  which  ia  oonneoted  a  small 
graduated  oirole.    Whenever  the  heads  gg  aie  tnmed  in  the 


direction  of  the  nnmbers  upon  the  circles,  the  forks  be  are 
drawn  outward ;  and  when  they  are  turned  in  the  contrary  di- 
rection, the  springs  hh  push  the  forks  inward,  and  thus  prevent 
any  loss  of  motion  in  the  screw.  The  screws  have  about  100 
threads  to  the  inch,  so  that  one  revolution  of  the  head  g  oar- 
ries  the  line  d  over  the  hundredth  part  of  an  inch.  The  cir- 
onmference  of  the  circle  attached  to  the  head  g  is  divided  into 
a  hondred  equal  parts,  so  that  the  motion  of  the  head  g  through 
one  of  these  divisions  advances  the  line  d  through  one  ten  thou- 
sandth  part  of  an  inch.  The  long  line  I,  numiDg  at  right  angles 
to  the  small  ones,  should  be  placed  parallel  to  the  two  objects 
whose  distance  is  to  be  measured. 

On  one  side  of  the  field  of  view  is  a  notched  scale  of  teeth, 
corresponding  in  size  to  the  threads  of  the  screw.  Every  fifth 
one  is  out  deeper  than  the  rest,  and  they  are  numbered  from 
zero,  at  the  centre,  by  tens,  in  each  direction.  The  spider  lines 
may  he  made  to  coincide  at  zero,  which  is  represented  by  the 
small  circular  h(de  made  near  the  middle  of  the  scale,  and  they 
may  he  made  to  glide  by  each  other  a  short  distanoe,  e  pasdng 
very  close  under  d. 

(39.)  In  OTder  to  measure  any  distance,  as,  for  example,  the 
gmi's  diameter,  turn  one  of  the  beads  until  the  attached  line  is 
drawn  15  or  20  notches  to  the  left  of  zero,  and  the  other  head 
in  the  contrary  direction,  until  d  may  be  made  to  touch  one 
limb  while  e  touches  the  other.  Read  ofi*  in  the  field  of  view 
how  many  notches  have  been  passed  over  by  each  wire,  and  the 
fractional  part  of  a  revolution,  on  the  divided  heads.  The  sum 
of  the  two  quantities  will  give  the  whole  number  of  revolutions 
and  parts  indicated.    If  the  distanoe  to  he  measoied  is  rauall,  it 
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will  only  be  necessary  to  move  oae  of  the  lines  while  the  other 
remains  at  zera 

The  micrometers  made  at  Mmiioh  differ  from  the  preceding 
in  having  but  a  single  graduated  head,  and  only  one  of  the 
threads  is  designed  to  be  moved  in  observations.  The  other 
thread  is  only  allowed  a  slight  motion  to  adjust  for  index  error. 

To  find  the  value  of  one  revolution  of  the  screw. 

(40.)  First  Method.— 'Find  how  many  revolutions  of  the 
screw  will  exactly  measure  the  vertical  diameter  of  the  sun 
when  his  altitude  is  considerable,  allowance  being  made  for  the 
difference  of  refraction  of  the  upper  and  lower  limbs.  The 
whole  diameter,  as  given  by  the  Nautical  Almanac,  reduced  to 
seconds,  and  divided  by  the  number  of  revolutions  and  decimal 
parts  observed  on  the  head  of  the  screw,  will  give  the  value  of 
a  single  revolution. 

Example.  "When  the  sun's  altitude  was  40°  30^,  his  vertical 
diameter  was  measured  by  40.98  revolutions  of  the  micrometer 
screw.  The  sun's  diameter,  according  to  the  Nautical  Almanac, 
was  31^  31^^.2.  The  refraction  of  the  lower  Umb  was  computed 
to  be  V\2  greater  than  that  of  the  upper  limb ;  hence  the  ap- 
parent vertical  diameter  of  the  sun  was  189(y^.  Therefore,  the 
value  of  one  revolution  of  the  screw  was 

4098"^^  '^^' 
(41.)  Second  Method. — ^Separate  the  two  lines  by  any  con- 
venient number  of  revolutions,  and  observe  the  time  required 
by  an  equatorial  star  to  pass  from  one  line  to  the  other.  We 
thus  obtain  the  interval  between  the  two  lines  in  seconds  of 
time,  which,  divided  by  the  number  of  revolutions,  gives  the 
value  of  one  revolution  of  the  screw.  This  result  wiU  be  the 
more  reliable,  the  greater  the  distance  between  the  lines,  because 
the  unavoidable  errof  in  estimating  a  fraction  of  a  second  of 
time  is  reduced  by  a  larger  divisor ;  and  the  observation  should 
be  repeated  until  a  satisfiustory  result  is  obtained.  The  same 
result  may  be  obtained  from  a  star  situated  out  of  the  equator, 
by  reducing  the  observed  interval,  in  the  manner  described  in 
Art.  72.  This  method  will  be  illustrated  by  an  example  with 
the  transit  instrnm^it,  Art  73. 
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POSITION    HICROUETEK. 

(43.)  It  is  ofl«n  required  to  measure  the  angle  which  the 
lioe  joimng  the  centres  of  two  stars  makes  with  the  meridian. 
This  is  effected  by  means  of  rook-work  and  a  screw,  carrying 
the  spider-line  miorometer  round  m  a  circle,  at  right  onglee  to 
the  axis  of  the  telescope, 
and  the  motion  is  meas- 
ured by  means  of  a  grad- 
uated circle. 

The  annexed  figure  rep- 
resents the  spider-line  mi- 
lometer attached  to  the 
end  of  a  telescope,  and  hav- 
ing, besides,  a  graduated 
circle,  AA,  with  a  milled 
head,  S,  acting  upon  a  oon- 
oealed  rack,  by  which  the 
micrometer,  BB,  may  be 
made  to  revolve  entirely 
round  the  axis  of  the  tele- 
scope. This  motion  i^  measured  upon  the  circle  AA  by  means 
of  the  fixed  index  C. 

In  order  to  measure  the  angle  of  position  of  two  stars,  point 
the  telescope  upon  one  of  the  stars,  and  turn  the  micrometer 
until  the  line  I  (see  figure,  page  33)  is  made  to  bisect  the  star 
during  the  whole  time  of  its  crossing  the  field  of  view ;  this 
line  will  then  he  parallel  with  the  equator.  Let  the  index  of 
the  position  circle  now  be  pat  to  zero.  Then  revolve  the  mi- 
crometer until  the  line  I  can  be  made  to  bisect  both  stars  at  the 
same  time,  and  note  the  reading  of  the  position  circle.  This 
will  be  the  angle  of  position  measured  £rom  a  parallel  of  decli- 
nation, as  practiced  by  Sir  William  HerscheL 

(43.)  An  equatorial,  fiiniished  with  a  miorometer,  affords  the 
most  convenient  means  of  determining  the  position  of  a  comet, 
by  comparing  it  with  some  neighboring  star.  The  method  of 
observation  is  as  follows :  The  equatorial  having  been  previons- 
ly  adjusted,  point  the  telescope  upon  some  convenient  star,  and 
make  the  wire  f  of  the  mioroiiMter  (see  figure,  page  33)  parallel 
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to  the  equator,  wMoh  ia  knovn  to  be  the  case  whea  a  star  will 
travel  akng  the  wire  doiiDg  its  passage  through  the  field  of  the 
telescope.     Then  turn  the  circle  90°,  and  the  line  /  will  lie  per- 
pendicular to  Uie  equator.     Now  point  the  telescope  upon  ilie 
ocHnet,  and,  having  olamped  both  the  hour  and  declination  oir- 
oies  very  firmly,  note  by  the  clock  the  time  when  the  comet 
passes  over  the  wire  /,  bisecting  it  at  tiie  same  time  by  the  wire 
e.    Wait  till  the  star  of  comparison  passes  over  the  field,  note 
its  transit  over  the  wire  I,  and  bisect  it  in  declination  with  the 
vriie  rf,  by  turning  the  head,  g,  of  Ihe  micrometer  screw.    Then 
the  difTerence  of  the  times  of  observaticm  gives  the  difference  of 
right  ascension  between  the  comet  and  star,  and  the  difference 
of  declination  ia  taken  from  the  micrometer.     If  the  place  of 
the  star  of  comparison  ia  not  already  known,  it  most  be  after- 
ward observed  by  meridian  instruments,  and  then  the  place  of 
the  comet  is  deduced  with  the  greatest  accuracy. 
(44.)  Method  of  illuminating  the  Lines. 
Hitherto  it  has  been  presumed  that  the  spider  lines  in  the 
micrometer  will  be  visible  in  all  celestial  observations,  made  by 
night  as  well  as  by  day ;  whereas,  in  all  nocturnal  observations, 
artificial  light  is  required  to  render  the  lines  of  the  micrometer 
visible.    This  li^t  ia  supplied  by  opening  a  circular  hole  in  ilie 
wde  of  the  main  tube,  before  which  a  lamp  is  suspended,  and 
j^aoing  an  oval  ring  of  gilt  metal,  deadened  so  as  to  reflect  a 
mitigated  tight  up  the  telescope,  at  a  proper  angle  of  inclination 
wittUn  the  tube.     In  order  to  regulate  the  quantity  of  li^t,  so 
as  not  to  oonoeal  faint  stars  frora  view,  variable  diaphragms  may 
be  interposed,  or  darkening  glasses  of  different  shades  of  color. 
By  means  of  a  small  lamp, 
fitted  to  an  aperture  in  the  tube 
next  to  the  eye-piece,  the  wires 
may  be   illuminated   while  the 
field  remains  dark,  thus  enabling 
the  observer  to  have  bright  lines 
and  a  dark  field,  or  a  bright  field 
and  dark  lines,  at  pleasure. 

The  annexed  diagram  repre-  . 
sents   the  illuminated   lines   as 
they  are  usually  arrai^ed  in  a 
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small  transit  instmment,  with  a  star  jast  going  off  on  the  left 
side,  and  the  planet  Venus  approaching  to  the  first  wire. 

(45.)  Sir  William  Herschel  was  accustomed  to  distinguish 
angles  of  position  by  the  terms  norths  following^  souths  preced- 
ing; which  words  were  designated  by  the  initials  n^f,  s,p; 
and  he  measured  angles  only  up  to  90^ ;  beginning  at  the  pre- 
ceding and  following  points,  and  reading  eacE  way,  north  and 
south,  up  to  90^.  It  is  now  more  common  to  measure  angles 
of  position  firom  the  north  point  by.  the  east,  round  to  360^. 
The  following  diagram  shows  both  forms,  as  used  in  the  re- 
versed field  of  a  telescope. 


COMET-SEEKER. 


(46.)  The  comet-seeder  is  a  telescope  having  an  object-glaas 
of  large  aperture  and  short  focal  length,  with  which  low  mag- 
ziifying  powers  are  used,  that  it  may  have  a  large  field  of  view, 
and  collect  the  greatest  possible  amount  of  light.  The  figure 
on  the  next  page  represents  such  an  instrument  mounted  equa- 
torially.  It  rests  upon  a  tripod,  with  foot  screws,  H,  H,  H,  for 
leveling.  From  the  tripod  rises  a  vertical  shaft,  whose  upper 
extremity  is  enlarged  for  the  support  of  an  axis,  P,  parallel  to 
the  axis  of  the  earth.     To  this  is  attached  an  hour  circle,  O, 
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gradnated  to  hoaiS)  minutes,  and  seconds ;  and  upon  its  edge 

are  out  threads,  to  receive  an 


endless  screw,  M,  which  com- 
municates a  slow  motion 
about  the  axis.  At  right  an- 
gles to  the  polar  axis  is  the 
declination  axis,  with  its  cir« 
cle,  E,  divided  into  degrees 
and  minutes,  and  having  also 
a  tangent  screw  for  slow  mo- 
tion.  The  telescope  tube,  T, 
is  of  the  ordinary  construc- 
tion, and  is  accurately  coun- 
terpoised by  the  weight  W. 
The  shaft  has  a  level,  L,  for 
•e^       I     p  adjusting  it  to  a  vertical  po- 

]_j  I  sition  by  means  of  the  foot 

screws,  and  a  tangent  screw, 
bdj  gives  a  slow  motion  in 
azimuth. 

(47.)  The  adjustments  of 
this  instrument  are  the  same 
as  those  of  a  large  equatorial ; 
but  inasmuch  as  it  is  design- 
ed merely  to  scour  the  heav- 
ens in  search  of  comets,  and 

not  for  accurate  observations  of  position,  no  great  precision  is 

usually  aimed  at  in  the  adjustments. 


< 
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CHAPTER  n. 

THE  TRANSIT  INSTRUMENT. 

(48.)  The  transit  is  a  meridional  instrument,  employed,  in 
oonneotion  with  a  dock  or  chronometer,  for  observing  the  pas- 
sage of  celestial  objects  across  the  meridian,  either  for  obtain- 
ing correct  time  or  determining  their  right  ascensions. 

(49.)  The  figure  on  the  next  page  represents  a  portable  transit 
instrument  The  telescope  tube,  AA,  is  supported  upon  an  axis, 
BB,  placed  at  right  angles  to  the  direction  of  the  telescope. 
This  axis  terminates  in  two  cylindrical  pivots  which  rest  in  Y's, 
which  are  strongly  united  to  the  two  uprights  CC.  The  stand 
CBC,  carrying  the  Y's,  is  made  of  cast-iron,  and  should  be  made 
of  a  single  piece,  in  order  to  secure  a  steady  and  permanent  po- 
sition. At  the  left  end  of  the  axis  there  is  a  screw,  E,  by  which 
the  Y  of  that  extremity  may  be  raised  or  lowered  a  little,  in 
order  that  the  axis  may  be  made  perfectly  horizontal.  At  the 
right  end  of  the  axis  is  a  screw,  F,  by  which  the  Y  of  that  ex- 
tremity may  be  moved  backward  or  forward,  in  order  to  enable 
us  to  bring  the  telescope  into  the  plane  of  the  meridian.  Near 
the  right  end  of  the  axis  is  fixed  a  circle,  G,  which  turns  with 
tlie  axis,  while  the  vernier,  H,  remains  stationary  in  a  horizon- 
tal position,  and  shoves  the  altitude  to  which  the  telescope  is 
elevated.  The  vernier  is  set  horizontal  by  means  of  an  attached 
spirit  level,  I.  The  level  KK  rides  on  the  pivots  of  the  axis. 
There  is  a  pin  at  each  end,  which  drops  iato  a  fork  at  L,  to  hold 
the  level  safely  and  upright.  At  the  left  end  is  the  adjustment 
for  setting  the  level  tube  parallel  vrith  the  axis.  At  the  other 
end  is  an  adjustment  for  raising  or  depressing  the  extremity  of 
the  level. 

(50.)  Near  the  eye  end,  and  in  the  principal  focus  of  the 
telescope,  is  placed  the  diaphragm  or  vrire  plate,  carrying  five 
or  seven  vertical  wires,  and  two  horizontal  ones,  between  which 
the  star  is  observed.  The  central  vertical  wire  ought  to  be 
fixed  in  the  optical  axis  of  the  telescope,  and  perpendicular 
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vntii  respect  to  the  pivots  of  the  axis.  These  wires  are  rendered 
visible  in  the  day  time  by  the  diffuse  light  of  day,  which  pene- 
trates the  tube  of  the  telescope ;  but  at  night,  artificial  illu- 
mination is  required.  This  illumination  is  effected  by  piercing 
one  of  the  pivots,  and  admitting  the  light  of  a  lamp,  M,  fixed 
on  the  top  of  one  of  the  standards.  This  Ught  is  directed  to 
the  wires  by  a  reflector,  placed  diagonally  at  the  junction  of 
ike  axis  and  telescope  ;  the  reflector  having  a  large  hole  in  its 
centre,  so  as  not  to  interfere  with  the  rays  passing  down  the 
telescope  from  the  object  By  inclining  the  opening  of  the 
lantern,  more  or  less  light  may  be  admitted  to  the  telescope,  to 
accommodate  faint  objects,  which  might  be  entirely  ecUpsed 
by  a  bright  light.  The  telescope  is  furnished  with  a  diagonal 
eye-piece,  W,  by  which  stars  near  the  zenith  may  be  observed 
without  inconvenience.  The  head  of  the  micrometer  screw  is 
diown  at  P. 

(51.)  A  transit  instrument  for  a  large  observatory  differs  from 
the  preceding  chiefly  in  being  of  larger  dimensions,  and  resting 
apon  stone  piers  instead  of  a  movable  frame.  The  figure  on 
the  next  page  represents  such  an  instrument,  as  made  by  Ertel 
and  Son,  of  Munich.  PP  are  the  stone  piers,  which  rest  upon 
foundations  sunk  deep  in  the  earth.  The  axis  of  the  telescope 
is  made  strong,  so  as  to  resist  flexure,  and  was  cast  in  a  single 
piece,  the  middle  part  of  it  being  in  the  form  of  a  cube.  The 
telescope  tube  is  composed  of  two  conical  frustums,  which 
are  fiEistened  by  screws  to  the  cubical  part  of  the  axis.  The 
weight  of  a  seven-feet  transit  is  about  200  pounds.  In  order 
that  the  pivots  may  be  relieved  from  a  portion  of  this  weight, 
there  is  raised  upon  the  top  of  each  pier  a  brass  pillar,  E,  about 
18  inches  higL  On  the  top  of  the  pillar  there  is  a  lever,  H, 
from  one  end  of  which  hangs  a  strong  brass  hook,  X,  support- 
ing two  friction  rollers  under  the  ends  of  the  great  axis.  A 
counterpoise,  W,  sliding  on  the  other  end  of  the  lever,  may  be 
made  to  support  as  much  of  the  weight  of  the  instrument  as  is 
desired. 

(52.)  Both  the  pivots  of  the  axis  are  perforated  to  admit  the 
light  of  a  lamp,  on  an  elliptic-ring  reflector  placed  inside  the 
square  part  of  the  axis.  To  moderate  the  light  of  the  lamp, 
L9  there  is  a  green  glass  wedge,  movable  up  and  down  between 
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the  lamp  and  pivot  The  thinnest  part  of  the  wedge  transmits 
nearly  all  the  light  of  the  lamp,  while  the  thickest  part  trans- 
mits only  as  much  light  as  is  barely  sufficient  to  show  the 
spider  lines.  On  each  side  of  the  eye  end  of  the  telescope  is  a 
finding  circle,  J),  with  a  level,  by  which  the  telescope  can  be  set 
to  any  zenith  distance. 

There  are  also  in  the  eye-tube,  at  the  back  of  the  plate  car- 
rying the  spicier  lines,  two  oblong  openings  covered  with  glass. 
A  lifted  taper  held  near  either  of  these  apertures  illumines  the 
lines  without  enlightening  the  field  of  view,  by  which  means 
very  small  stars  can  be  observed,  which  could  not  be  seen  by 
the  ordinary  illumination.  Z  represents  the  handle  of  the  screw 
which  fastens  the  clamp  arm  to  the  axis  of  the  instrument ;  B 
and  C  are  handles,  by  which 
a  slow  motion  in  altitude  is 
given  to  the  telescope ;  00 
is  the  eye-piece,  with  spider 
lines,  micrometer,  etc. 

(53.)  It  is  fi^equently  neces- 
sary to  reverse  the  axis  of  the 
transit  instrument,  and  large 
telescopes  need  some  special 
contrivance  by  which  this 
may  be  readily  accomplished. 
The  most  convenient  appara- 
tus for  this  purpose  is  a  revers- 
ing stand,  represented  in  the 
annexed  figure.  The  stand, 
being  on  rollers,  is  brought 
under  the  axis  of  the  transit, 
when,  by  turning  the  handle 
K,  the  rod  HN  is  elevated  by 
means  of  a  screw,  and  the 
instrument  lifted  from  the 
piers  by  means  of  the  forks 
RR.  The  stand  is  then  rolled 
away  from  between  the  piers, 
and  the  instrument  turned 
half  round.     The    stand   is 
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again  rolled  between  the  piers,  and  the  axis  retained  fb  its 
place. 

ADJUSTMENTS. 

(54.)  When  the  instrument  is  set  up,  it  should  be  so  placed 
that  the  telescope,  if  turned  down  to  the  horizon,  may  point 
north  and  south  as  near  as  can  possibly  be  ascertained.  This, 
of  course,  can  only  be  done  approximately,  as  the  meridian  can 
not  be  accurately  determined  until  the  other  adjustments  have 
been  completed. 

Distinctness  of  vision  and  parallax. 

(55.)  The  system  of  wires  or  spider  lines  should  be  in  the 
common  focus  of  the  object-glass  and  eye-glass.  In  order  to 
place  the  lines  in  the  focus  of  the  eye-glass,  push  in  or  draw 
out  the  eye-tube  until  they  are  seen  with  perfect  distinctness. 
Now,  if  the  wires  are  not  in  the  focus  of  the  object-glass  when 
the  telescope  is  directed  toward  a  distant  mark,  if  the  eye  be 
moved  a  little  to  the  right  or  left,  the  mark  will  appear  to  move 
with  reference  to  the  lines.  When  this  is  the  case,  the  object- 
glass  or  the  wires  must  be  moved  in  the  tube  until  the  parallax 
is  corrected,  after  which  they  must.be  secured  firmly  to  their 
places.  After  the  transit  has  been  placed  in  the  meridian,  and 
the  wires  adjusted  as  described  hereafter,  let  a  star  run  along 
the  horizontal  wire,  and  if  it  does  not  remain  perfectly  bisected 
while  the  eye  is  moved  up  and  down,  ihe  adjustment  for  par- 
allax is  not  complete. 

Horizontality  of  the  axis, 

(56.)  The  axis  on  which  the  telescope  turns  must  next  be 
maide  horizontal.  This  is  effected  by  means  of  the  level  The 
level  is  a  glass  tube,  apparently  cylindrical,  but  in  reality  a  por- 
tion of  a  ring  of  very  large  radius,  nearly  filled  with  spirit  of 
wine  or  sulphuric  ether.     The  convex  side  .being  placed  upward, 

j^  the  bubble  will  occupy  tiie  higher  part, 

as  ab ;  and  if  either  end  of  the  level 
be  elevated,  the  bubble  will  move  in 
that  direction.  If,  then,  a  divided  scale  be  attached  to  the  level, 
the  motion  of  the  bubble  will  measure  the  elevation  of  the  end 
of  the  level.  The  figure  on  the  opposite  page  shows  the  com- 
mon form  of  level,  which  should  be  made  of  such  dimenaionsi 
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that  tbe  legs  may  extend  from  one  pivot  of  the  transit  instru- 
ment to  the  other. 


Fig.  1 


0 


Fig.  1  represents  a  firont  view  of  the  level,  Figs.  2  and  3  rep- 
Fig.a.  resent  end  views  of  the  legs.    The  level     Fig.  3. 

^b-qJ^ s'  ^'^^s*®  ^f  *  6^*^®^  tube,  GrGr,  which  Ues 
\^^~^  in  a  semi-cylinder  of  brass,  BB,  and  is 
secured  to  it  by  two  thin  brass  straps, 
DD.  The  cylinder  is  connected  with 
one  leg  of  the  level  by  the  two  screws, 
SS',  seen  in  Fig.  2,  and  with  the  other 


irw 


mi 


leg  by  the  screws  TT'',  seen  in  Fig.  3.  The  screws  SS^ 
serve  to  move  the  cylinder  BB  in  a  horizontal  direction ;  the 
screws  TT'  serve  to  move  it  in  a  vertical  direction.  Each  foot 
of  the  level  has  two  planes,  inclined  at  an  angle  of  60  to  90  de- 
grees, which  are  designed  to  rest  upon  the  pivots  of  the  transit 

(57.)  The  level  should  be  so  adjusted  that  its  axis  may  be 
paiaUel  with  the  axis  of  ihe  transit.  For  this  purpose,  place  ihe 
level  upon  the  pivots  of  the  axis,  and  bring  the  air-bubble  to  the 
centre  of  the  glass  tube  by  turning  the  screw  which  raises  or 
k>wers  the  end  of  the  axis.  Then  reverse  the  level  so  that  the 
end  which  before  rested  on  the  right  pivot  may  rest  on  the  left. 
If  the  bubble  settles  in  the  same  position  as  before,  we  may  con- 
clude that  the  axis  of  the  transit  is  horizontal ;  but  if  the  bub- 
ble moves  from  its  former  position,  the  amount  of  this  motion 
will  be  equal  to  twice  the  inclination  of  the  axis  to  the  horizon. 
Turn  the  screw  at  the  end  of  the  axis  so  as  to  move  the  bubble 
over  half  this  distance ;  then  loosen  one  of  the  screws,  TT',  Fig. 
3j  and  ti^ten  the  other,  until  the  bubble  is  brought  back  to  the 
middle  of  the  tube. 

Since  it  is  difficult  to  make  this  adjustment  perfect  at  a  sin- 
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gle  trial)  we  most  repeat  the  same  series  of  operations  until  the 
bubble  occupies  the  same  p&ce  in  both  the  direct  and  reversed 
positions  of  the  level.  When  this  is  accomplished,  the  axis  of 
the  level  will  be  in  a  plane  which  is  parallel  to  the  axis  of  the 
transit,  but  the  two  axes  will  not  necessarily  be  parallel  with 
each  other.  To  determine  whether  such  is  the  case,  revolve  the 
level  slightly  upon  the  axis  of  the  transit,  the  feet  of  the  level 
remaining  all  the  while  in  contact  with  the  pivots.  If  the  bub- 
ble changes  its  place,  the  axis  of  the  level  must  be  inclined  to 
the  axis  of  the  transit,  and  we  must  turn  the  screws  SS^,  Fig. 
2,  either  forward  or  backward,  until  a  slight  rotation  of  the  level 
about  the  axis  of  the  transit  causes  no  sensible  change  in  the  po- 
sition of  the  bubble.  When  this  second  correction  is  completed, 
the  former  must  be  verified  anew. 

(58.)  To  discover  whether  the  level  is  well  made,  place  it 
upon  a  rule,  having  at  one  end  two  points,  which  enter  two  cor- 
responding cavities  upon  an  iron  bar,  while  at  the  other  end  of 
the  rule  is  a  delicate  micrometer  screw,  pressing  firmly  against 
a  cavity  in  the  iron  bar.  The  whole  must  be  placed  upon  a 
very  firm  support.  Then,  upon  turning  the  micrometer  screw 
so  as  to  change  the  inclination  of  the  level  to  the  horizon,  it  will 
be  easily  seen  whether  equal  parts  of  a  rotation  of  the  screw 
correspond  to  equal  movements  of  the  bubble  along  the  glass 
tube.  When  this  is  the  case,  the  level  is  good.  By  means  of 
this  arrangement  we  may  easily  determine  the  value  of  one  di- 
vision of  the  level,  expressed  in  seconds  of  euro.  Measure  the 
distance  of  the  cavity  in  which  the  micrometer  screw  rests  from 
the  middle  of  the  line  connecting  the  two  other  cavities  in  the 
iron  bar,  and  represent  tiiis  distance,  expressed  in  inches  and 
parts  of  an  inch,  by  d.  Count  the  number  of  threads  contained 
in  an  inch  upon  the  screw,  from  which  we  can  determuie  the 
distance  between  two  threads,  expressed  in  parts  of  an  inch. 
Represent  this  distance  by  b.  Then,  it  is  plain  that  the  incli- 
nation of  the  level  to  the  horizon  will  be  changed  in  one  revo- 
lution of  the  screw  by  an  angle  equal  to  -j—. — :Tyj,    If,  therefore, 

a  sm.  1 

we  know  how  many  divisions  of  the  level  correspond  to  one  rev- 
olution of  the  screw,  we  may  determine  the  value  of  one  division 
of  the  level,  expressed  in  parts  of  a  second. 
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(59.)  We  may  also  detennine  the  value  of  one  divisiQa  of  the 
level  in  the  following  manner : 

Fix  the  level  to  the  tube  of  a  telescope  oonnected  with  a  vert- 
ical divided  cirole  reading  to  seconds.  Move  the  telesoope  by 
means  of  the  tangent  screw,  so  as  to  carry  the  bubble  success- 
ively to  one  side  and  the  other  of  the  level,  and  read  off  the  cir- 
ole in  the  two  positions.  The  difference  of  these  readings  in 
seconds,  divided  by  the  number  of  divisions  of  the  level  that  the 
bubble  has  moved,  will  give  the  value  of  one  division.  Delicate 
levels  are  generally  designed  to  be  divided  in  such  a  manner 
that  one  division  shall  represent  one  second  of  arc.  At  one  end 
of  the  level-tube  are  small  screws,  by  which  that  end  may  be 
elevated  or  depressed,  so  as  to  bring  the  bubble  into  the  middle 
of  the  tube  .when  the  level  is  placed  on  a  horizontal  surface. 

Perpendicularity  of  the  wires. 

(60.)  It  is  desirable  that  the  central  or  middle  wire  should 
be  truly  vertical,  as  we  may  then  observe  the  transit  of  a  star 
on  any  part  of  it  as  well  as  the  centre.  For  this  purpose,  direct 
the  telescope  upon  a  small,  well-defined,  and  distant  object.  If, 
on  moving  the  telescope  in  altitude,  this  mark  is  perfectly  bi- 
sected by  the  central  wire  from  top  to  bottom,  the  wire. is  per- 
pendicular to  the  horizontal  axis.  If  not,  the  ring  or  tube  con- 
taining the  wires  must  be  turned  round  until  the  mark  is  bi- 
sected by  every  part  of  the  wire.  The  other  vertical  wires  are 
placed  by  the  maker  as  nearly  as  possible  equidistant  from  each 
other,  and  parallel  to  the  middle  one ;  therefore,  when  the  mid- 
dle one  is  adjusted,  the  others  are  also  adjusted.  The  trans- 
verse wires  are  also  placed  at  right  angles  to  the  vertical  mid- 
dle wire. 

Collimation, 

(61.)  The  optical  axis  of  a  lens  is  the  line  which  joins  the 
centres  of  the  spherical  surfaces  by  which  the  lens  is  bounded. 
When  a  telescope  is  properly  constructed,  the  axes  of  the  object- 
glass  and  eye-glass  must  lie  in  the  strdght  line  which  joins  the 
centres  of  the  object-glass  and  eye-glass.  This  straight  line  is 
called  the  optical  axis  of  the  telescope. 

The  principal  line  of  sight,  or  the  line  of  collimation,  is  de- 
termined by  the  direction  of  the  ray  of  light  which  passes 
through  the  centre  of  the  object-glass,  and  touches  the  middle 
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vertical  thread  midway  between  tbe  two  horizontal  threads.  In 
the  rotation  of  the  telescope  about  its  axis,  the  line  of  collima- 
tion  should  describe  a  plane  perpendicular  to  this  axis.  To  de- 
termine whether  such  is  actually  the  case,  direct  the  telescope 
to  some  small,  well-defined,  and  distant  object,  and  bisect  it  with 
the  middle  vertical  wire.  Then  lift  the  telescope  very  carefully 
from  its  supports,  and  replace  it  with  the  axis  reversed.  Point 
the  telescope  again  to  the  same  object,  and  if  it  be  still  bisected, 
the  collimation  adjustment  is  correct ;  if  not,  move  the  wires 
one  half  the  error  by  turning  the  small  screws  which  hold  the 
diaphragm,  near  the  eye  end  of  the  telescope.  But  as  half  the 
deviation  may  not  be  correctly  estimated  in  moving  the  wires, 
it  becomes  necessary  to  verify  the  adjustment  by  moving  the 
telescope  the  other  half,  which  is  done  by  turning  the  screw  F 
(see  figure,  page  40).  Having  again  bisected  the  object,  reverse 
the  axis  as  before,  and,  if  half  the  error  was  correctly  estimated, 
the  object  will  be  bisected  when  the  telescope  is  directed  to  it. 
If  this  is  found  not  to  be  the  case,  half  the  remaining  error  must 
be  corrected  as  before,  and  these  operations  must  be  continued 
until  the  object  is  found  to  be  bisected  in  both  positions  of  the 
axis.   .  The  adjustment  will  then  be  complete. 

POSITION    IN    THE    MERmiAN. 

(62.)  This  adjustment  is  effected  with  the  assistance  of  a 
dock,  which,  for  convenience,  should  be  regulated  to  sidereal 
time,  so  that  the  time  of  each  star's  passing  the  meridian  will 
be  indicated  by  its  right  ascension. 

By  the  pole  star. 

(63.)  Direct  the  telescope  to  the  pole  star  at  the  instant  of 
its  crossing  the  meridian,  as  near  as  the  time  can  be  ascertained. 
The  transit  will  then  be  nearly  in  the  plane  of  the  meridian. 
Having  leveled  the  axis,  turn  the  telescope  to  a  star  about  to 
cross  the  meridian,  near  the  zenith.  Since  every  vertical  circle 
intersects  the  meridian  at  the  zenith,  a  zenith  star  will  cross  the 
field  of  the  telescope  at  the  same  time,  whether  the  plane  of  the 
transit  coincide  with  the  meridian  or  not.  At  the  moment  the 
star  crosses  the  central  wire,  set  the  clock  to  its  right  ascension, 
as  given  by  the  catalogue,  and  the  clock  will  henceforth  indicate 
nearly  sidereal  time.     The  approximate  times  of  the  upper  and 
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lower  culmination  of  the  pole  star  are  then  known.  Observe 
the  pole  star  at  one  of  its  oulminations,  following  its  motion  un- 
til the  dock  indicates  its  right  ascension,  or  its  right  ascension 
pins  12  hoars.  Move  the  whole  frame  of  the  transit,  so  that 
the  central  wire  shall  coincide  nearly  with  the  star,  and  com- 
plete the  adjustment  by  means  of  the  azimuth  screw.  The  cen- 
tral wire  will  now  coincide  almost  precisely  with  the  meridian 
of  the  place. 

(64.)  The  axis  being  supposed  perfectly  horizontal,  if  the  mid- 
dle wire  of  the  telescope  is  exactly  in  the  meridian,  it  will  bi- 
sect the  circle  which  the  pole  star  describes,  in  24  sidereal  hours, 
round  the  polar  point.  If,  then,  the  interval  between  the  upper 
and  lower  culminations  is  exactly  equal  to  the  interval  between 
the  lower  and  upper,  the  adjustment  is  complete.  But  if  the 
time  elapsed  while  the  star  is  traversing  the  eastern  semicircle 
is  greater  than  that  of  traversing  the  western,  the  plane  in 
which  the  telescope  moves  is  westward  of  the  true  meridian  on 
the  north  horizon ;  and  vice  vers&j  if  the  western  interval  is 
greatest.  This  error  must  be  corrected  by  turning  the  screw  F 
(page  40).  The  adjustment  must  then  be  verified  by  further 
observations,  until,  by  continued  approximations,  the  instrument 
is  fixed  correctly  in  the  meridian. 

By  a  pair  of  circumpolar  stars. 

(65.)  Take  two  well-known  circumpolar  stars,  the  nearer  the 
pole  the  better,  differing  about  twelve  hours  in  right  ascension, 
and  observe  one  above  and  the  other  below  the  pole.     Now  it  is 
evident  that  any  deviation  of  the  instrument  from  the  meridian 
will  produce  contrary  effects  upon  the  observed  times  of  transit. 
Hence  the  time  which  elapses  between  the  two  observations 
will  differ  from  the  time  which  should  elapse  according  to  the 
catalogue,  by  the  sum  of  the  effects  of  the  deviation  upon  the 
two  stars.     The  stars  51  Cephei  and  6  Ursee  Minoris  are  well 
suited  to  this  purpose.     The  right  ascension  of  the  former  on  the 
1st  of  January,  1865,  was  6L  31m.  26s. ;  of  the  latter,  18h.  18m. 
488.     The  dLOference  between  the  times  at  which  one  should 
make  its  upper  and  the  other  its  lower  transit  is  12m.  38s.    If  . 
the  observed  interval  differs  from  this,  the  error  must  be  correct- 
ed by  the  azimuth  screw,  and  the  observations  repeated  until 
the  adjostment  is  perfect. 
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Bp  the  pole  star,  combined  with  any  star  distant  from  the 
pole. 

(66.)  If  the  transit  moves  in  the  plane  of  the  meridian,  the 
error  of  the  olock,  as  determined  by  the  cuknination  of  the  pole 
star,  will  be  exactly  the  same  as  from  any  other  star  situated, 
for  example,  near  the  equator.  But  if  the  transit  describes  a 
vertical  circle  which  differs  from  the  meridian,  the  pole  star  will 
be  longer  in  crossing  from  the  transit  plane  to  the  true  meridian 
than  the  equatorial  star.  If,  then,  the  two  stars  do  not  indicate 
the  same  clock  error,  the  azimuth  screw  must  be  moved  until 
the  adjustment  is  perfect 

By  a  high  and  low  star. 

(67.)  This  method  may  be  practiced  in  situations  which  do 
not  permit  an  observation  of  the  pole  star.  Choose  two  stars 
differing  but  little  in  right  ascension,  one  of  them  passing  the 
meridian  as  near  as  possible  to  the  zenith,  and  the  other  as  near 
as  convenient  to  the  south  horizon.  Make  the  axis  of  the  transit 
perfectly  horizontal,  so  that  the  transit  shall  describe  a  vertical 
circle.  This  circle  will  coincide  with  the  meridian  at  the  ze« 
nith,  however  much  it  may  depart  from  it  at  the  horizon.  A 
star  near  the  zenith  will  pass  the  middle  wire  of  the  telescope  at 
about  the  same  time  as  if  the  transit  was  in  the  meridian ;  but 
this  will  not  be  the  case  with  a  star  near  the  south  horizon.  If 
the  low  star  passes  the  central  wire  too  early,  the  plane  of  the 
instrument  deviates  to  the  east ;  if  it  passes  too  late,  the  plane 
deviates  to  the  west.  In  either  case  the  error  must  be  corrected 
by  the  azimuth  screw,  until  stars  at  all  altitudes  indicate  the 
same  error  of  the  dock. 

MERmiAN   MARK. 

(68.)  When  the  transit  instrument  has  once  been  brought  to 
the  meridian,  a  mark  may  be  placed,  either  to  the  north  or  south, 
for  verification,  in  case  the  instrument  should  at  any  time  be 
disturbed.  It  should  be  placed  at  such  a  distance  as  not  to  be 
affected  by  parallax,  yet  not  too  far  to  be  seen  distinctly.  The 
observatory  at  Edinburgh  has  two  meridian  marks,  one  distant 
about  8000  feet,  and  tiie  other  18,000  feet  firom  the  observatory. 
Each  is  formed  of  a  piece  of  copper,  having  an  aperture  of  the 
figure  of  an  isosceles  triangle,  the  base,  parallel  to  the  h(ttizQii» 
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sabtending  an  angle  of  &'  of  space^  and  tho  hei^t  being  double 
the  base.  Through  ihi3  aperture  is  seen  a  piece  of  metal  paint- 
ed white. 

THE    CLOCK — ^ITS   RATE   AND   ERROR. 

(69.)  A  dock  designed  to  be  used  for  astronomical  purposes 
should  be  of  the  best  workmanship.  The  pendulum  should  be 
oompensated,  so  as  to  be  free  from  the  effects  of  heat  and  cold. 
The  two  forms  chiefly  used  for  astronomical  purposes  are  the 
mercurial  and  the  gridiron.  The  former  is  generally  used  in 
England,  the  latter  in  France  and  Grermany. 

It  is  most  convenient  to  have  the  clock  regulated  to  sidereal 
time,  and  it  is  desirable  that  it  should  keep  exact  pace  with  ilie 
stars,  so  as  always  to  indicate  the  exact  right  ascension  of  the 
star  then  passing  the  meridian.  But  every  clock  has  both  an 
ernyr  and  taie.  The  error  of  the  dock  at  any  time  is  its  dif- 
ference from  true  sidereal  time.  The  rente  of  the  clock  is  the 
change  of  its  error  in  34  hours.  Thus,  on  the  8di  of  January, 
1851,  Aldebaran  was  observed  to  pass  the  meridian  of  G-reen- 
wich  at  4h.  26m.  52.02s.  The  true  right  ascension  of  the  iStar 
was  ^  27m.  22.868. ;  hence  the  dock  was  slow  30.848.  Again, 
on  the  9th  of  January,  the  same  star  passed  the  meridian  at  4h. 
26m.  51.22s.,  and  the  dock  was  slow  31.64s.  Hence  the  dock 
lost  0.80s.  per  day.  In  other  words,  the  error  of  the  dock,  Jan- 
uary 9ih,  was  ~  31.64s.,  and  its  daily  rate  —0.80s. 

(70.)  The  preceding  error  and  rate  do  not  necessarily  imply 
any  imperfection  of  the  dock.  The  error  and  rate  of  a  perfect 
clock  may  be  of  any  magnitude.  All  which  we  demand  of  a 
clock  is  that  its  rate  be  uniform  firom  day  to  day.  Still,  it  is 
convenient  in  practice  that  both  should  be  of  small  amount. 
The  rate  of  the  clock  may  be  corrected  by  lowering  the  bob  of 
the  pendulum,  if  the  clock  runs  too  fast,  or  raising  it  when  the 
dock  runs  too  slow.  For  this  purpose,  the  bob  of  the  pendulum 
is  furnished  with  a  jGne  adjusting  screw.  The  clock  may  be 
made  to  indicate  trae  sidereal  time  by  setting  it  to  the  right 
ascension  of  any  known  star,  and  starting  the  pendulum  at  the 
moment  when  the  star  crosses  the  middle  transit  wire.  After 
the  rate  has  been  reduced  to  a  small  quantity,  it  is  better  to  let 
the  error  accumtdate  than  to  stop  the  dock.    Wh^i  the  error 
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funounts  to  a  whole  minute,  the  minute-hand  may  be  moved 
one  division  without  disturbing  the  motion  of  the  pendulum. 
The  transit  olock  at  Greenwich  Observatory  generally  loses 
about  half  ft  second  a  day,  and  when  this  error  amounts  to  an 
entire  minute  (which  happens  about  every  three  months),  the 
.dock  is  put  forward  one  minute. 

METHOD   OF    OBSERVING   AND    REGISTERING   TRANSrTS. 

(71.)  For  a  night  observation,  the  field  of  view  must  be  illu- 
mined by  the  lamp  M  (see  figure,  page  40),  so  that  the  wires 
may  be  distinctly  visible ;  and  the  telescope  must  be  set  to  the 
proper  altitudd  by  means  of  the  attached  circle.  This  circle  is 
sometimes  designed  to  indicate  altitudes  or  zenith  distances, 
and  sometimes  declinations  or  polar  distances.  In  either  case, 
the  zero  of  the  ciriole  may  require  adjustment.  K  the  circle  in- 
dicates altitudes,  the  index  should  point  to  zero  when  the  bub- 
ble of  the  attached  level  stands  in  the  middle  of  the  tube.  If 
the  circle  indicates  declinations,  the  index  should  point  to  zero 
when  the  telescope  is  directed  toward  an  equatorial  star.  Since 
the  telescope  inverts  the  position  of  objects,  a  star  for  an  upper 
culmination  will  appear  to  enter  the  field  of  view  on  the  west 
side,  and  pass  out  on  the  east ;  but  for  a  lower  culmination,  it 

will  cross  the  field  firom  east  to 
west.  The  telescope  contains  five 
or  seven  vertical,  and  two  horizon- 
tal wires,  placed  a  short  distance 
from  each  other.  The  star  should 
be  made  to  cross  the  field  between 
the  two  horizontal  wires,  in  order 
that  the  transits  may  always  be 
observed  on  the  same  part  of  the 
vertical  wires.  It  is  the  business 
of  the  observer  to  note  the  times 
of  the  star's  passage  over  the  several  wires  with  the  utmost  ac- 
ouracy;  and  as  it  will  seldom  happen  that  a  star  will  cross  a 
wire  at  the  exact  instant  of  the  beat  of  the  clock,  he  must  esti- 
mate the  fractions  of  a  second  as  well  as  he  is  able.  This  is 
done  by  comparing  the  distance  of  the  star  from  the  wire  at  the 
beat  preoeding  the  transit,  with  its  distance  on  the  other  side  at 
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the  beat  saooeeding  the  transit  The  clock  should  he  so  placed, 
and  its  lace  illumined,  that  the  observer,  seated  at  the  transit^ 
can  readily  follow  the  seconds'  hand.  A  little  before  the  star 
is  expected  to  cross  the  first  wire,  the  observer  takes  a  second 
from  the  clock — suppose  5s. — and,  listening  to  the  beats,  goes 
on  silently  counting  6,  7,  8,  9,  etc.,  while  his  eye  is  at  the  tel- 
escope following  the  motion  of  the  star.  If  the  star  crossed  the 
first  wire  between  the  beats  9  and  10,  and  if  the  star  appeared 
as  feir  beyond  the  wire  at  the  succeeding  beat  as  it  was  short  of 
it  at  the  preceding  beat,  the  time  of  the  transit  would  be  9.5s. ; 
but  if  the  distances  were  unequal,  it  would  be  9.3s.  or  9.7s.,  etc., 
according  to  its  apparent  distance  from  the  wire.  Having  re* 
corded  the  passage  over  the  first  wire,  the  same  observation 
must  be  made  at  each  of  the  other  wires,  and  a  mean  of  the 
whole  taken,  which  will  represent  the  time  of  the  star's  passage 
over  the  mean  or  meridional  wire.  Five  or  seven  wires  are  more 
valuable  than  a  single  one,  since  the  chances  are  that  an  error 
which  may  have  been  committed  at  one  wire  will  be  compen- 
sated by  an  opposite  error  at  another.  Thus  the  mean  result  of 
several  observations  is  deserving  of  more  confidence  than  a  sin- 
gle one.  The  follovring  is  an  observation  of  Arcturus,  made  at 
Greenwich  Observatory,  November  13th,  1850 : 

First  wire,  14h.  7m.    7.7s. 


Mean,  14h.  7m.  48.538. 


Second  wire, 

7 

21.3 

Third  wire, 

7 

34.9 

Fourth  wire. 

7 

48.6 

Fifth  wire, 

8 

2.1 

Sixih  wire, 

8 

15.7 

Seventh  wire. 

8 

29.4 

It  will  be  perceived  that  the  observation  at  the  middle  wire 
differs  0.07s.  firom  the  mean  of  the  seven  wires.  If  the  obser- 
vations were  perfect,  and  the  wires  equidistant,  these  two  num- 
bers should  agree  exactly. 

EQUATORIAL   INTERVAL   OP    THE    WIRES. 

(72.)  By  comparing  the  transits  of  different  stars,  it  will  be 
seen  that  the  time  occupied  by  a  star  in  traversing  the  interval 
between  the  wires  is  different  on  different  points  of  the  merid- 
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ian;  beiiig  least  at  the  equator,  and  inoieasiiig  "with  fhe  distaii^ 
from  that  oirole.  The  time  occupied  by  a  star  on  the  equator, 
in  passing  between  any  two  of  the  wires,  is  called  their  equato- 
rial interval;  and  when  this  interval  is  known,  the  interval  for 

any  parallel  of  declination  may  be  computed. 
Thus,  let  P  be  the  pole  of  the  heavens,  EQ  a 
portion  of  the  equator,  and  BD  a  portion  of  any 
parallel  of  declination;  PBE  and  PDQ'two 
meridians,  but  slightly  inclined  to  each  other. 
^  A  star  at  B  moves  over  the  arc  BD  in  the  same 
time  that  one  at  E  moves  over  EQ.     But  we 
have 
Geom.,  B.  VI.,  Prop.  13,  Cor.  1, 

arc  EQ, :  arc  BD  : :  CQ, :  AD  : :  1 :  cos.  Dec. 
Therefore,  BD = EQ  cos.  Dec. 

Now  the  time  in  whidi  a  star  on  the  parallel  BD  would  move 
over  a  constant  space,  EQ,,  must  be,  to  the  time  in  which  an 
equatorial  star  moves  over  the  same,  inversdy  as  their  rates  of 
motion,  or  as 

EQ, :  BD  : :  1 :  cos.  Dec. : :  sec.  Dec. :  1. 
(73.)  If,  then,  x  represent  the  equatorial  interval  of  the  wires, 
X  sec.  Dec.  will  be  the  interval  for  any  star.  The  equatorial  in- 
terval may  therefore  be  computed  from  observations  made  upon 
any  star  whose  declination  is  known,  by  multiplying  the  ob- 
served interval  by  the  cosine  of  the  star's  declination.  Thus,  in 
the  preceding  observation  of  Arcturus,  the  difference  between 
each  observation  and  the  mean  of  the  seven  wires  is  as  follows : 


ObMrred  int«rrils. 

Eqoatoilal  IntanraLi 

First  wire. 

40.839. 

38.3768. 

Second  wire. 

2753 

25.594 

Third  vrire, 

13.63 

12.811 

Fourth  wire. 

0.07 

0.066 

Fifth  wire. 

13.S7 

12.755 

Sixth  wire, 

27.17 

25.537 

Seventh  wire, 

40.87 

38.414 

And  if  we  multiply  these  numbers  by  .939908,  the  cosine  of 
ike  star's  declination  (19^  57'  6ff%  we  shaU  obtain  the  equato- 
rial intervals,  as  given  in  the  last  column  above. 

(74.)  The  equatorial  interval  may,  however,  be  obtained  more 
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acxmiately  by  observations  of  a  star  near  the  pole— -the  pole  star, 
fer  example ;  but  in  this  case  a  slight  modification  of  the  pre- 
oeding  role  becomes  necessary,  for  the  pole  star  does  not  pass 
perpendicularly  from  wire  to  wire,  but  describes  a  considerable 
aro  of  the  small  circle  ABC. 
Now  AD  is  the  sine  of  the 
aro  AB.  In  order,  there- 
£xre,  to  obtain  the  equato- 
rial intervals  from  the  pole 
star,  we  must  multiply  the 
sine  of  the  observed  interval  by  the  cosine  of  the  declination, 
and  we  shall  obtain  the  sine  of  the  equatorial  interval 

The  following  observations  of  Polaris,  Dec.  88^  SV  27".0, 
were  made  at  Greenwich  Observatory,  April  26th,  1850 : 


wins. 

Obaenratlons. 

Obserred  Intervals.       Equatorial  InterralB.  j 

A 

B 

0 

D 

E 

F 

a 

hm     in*        a, 

0  39  48.0 
48    3.0 
66  19.0 

1  4  32.0 
12  44.0 
20  57.0 
29  16.0 

m,          a. 

-24  43.29 
-16  28.29 
-  8  12.29 
+  0    0.71 
+  8  12.71 
+16  25.71 
+24  44.71 

-38.559 
-25.719 
-12.820 
+  0.018 
+12.830 
+25.652 
+38.595 

Mean  .... 

1    4  31.29 

The  letters  in  column  first  are  used  to  distinguish  the  wires 
of  the  transit.  The  wires  at  G-reenwich  are  designated  by  the 
letters  of  the  alphabet  in  such  a  manner  that,  when  the  illu- 
mined end  of  the  axis  is  east,  the  order  of  the  wires  for  stars 
above  the  pole  is  A,  B,  C,  D,  E,  F,  G- ;  but  when  the  illumined 
end  of  the  axis  is  west,  the  order  is  G,  F,  E,  D,  C,  B,  A. 
Column  third  shows  the  difference  between  each  observation 
and  the  mean  of  the  seven  wires.  Column  fourth  shows  the 
equatorial  interval  thence  deduced.  The  fourth  column  is  com- 
puted as  follows : 

24m.43.29s.=  6°  KT  49".36  sine =9.0320497 
cos.  Dec.  88^  30'  27".0  =8.4157426 

38.669s.=         y  38."39  sine =7.4477923 
and  in  the  same  manner  for  the  other  wires. 

It  will  be  perceived  that  the  middle  wire  differs  slightly  from 
the  mean  of  the  seven  vrires,  which  may  be  called  the  mean 
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wire.    It  is  customary,  at  Greenwioh,  to  reduce  all  observations 
to  the  standard  of  the  mean  wire,  and  not  of  the  middle  wire. 

To  reduce  an  observation  token  all  the  wires  are  not  ob- 
served. 

(75,)  It  may  happen,  through  inadvertence  or  un&vorable 
weather,  that  the  transits  over  only  a  portion  of  the  wires  are 
observed ;  but  such  observations  may  be  reduced  by  means  of 
the  equatorial  intervals  already  determined.  According  to  the 
values  given  above,  if  we  add  38.559s.  to  the  time  of  transit  of 
an  equatorial  star  over  wire  A,  it  will  give  the  time  of  transit 
over  the  mean  wire ;  and,  in  the  same  manner,  the  observation 
of  an  equatorial  star  at  each  wire  may  be  reduced  to  the  mean, 
by  adding  or  subtracting,  as  the  case  may  be,  to  the  time  of 
observation,  ihe  equatorial  interval  between  that  wire  and  the 
mean  wire.  For  a  star  out  of  the  equator,  these  intervals  must 
each  be  multiplied  by  the  secant  of  the  star's  declination.  Or 
the  following  rule  is  more  convenient  in  practice,  and  evidently 
gives  the  same  result : 

Add  together  the  equatorial  numbers  from  the  table  on  page 
55  for  the  wires  observed,  regard  being  had  to  their  signs; 
divide  by  the  number  of  wires,  and  multiply  by  the  secant  of 
the  starts  declination.  The  product  will  be  the  correction  to 
be  applied  to  the  mean  of  the  wires  observed. 

The  corrections  to  transits  of  an  equatorial  star  over  wires  A, 
B,  C,  D,  B,  F,  G,  for  1851,  at  Greenwich,  were  +  41.443s. ; 
+27.646S.;  +13.816s.;  -0.002s.;  -13.811s.;  -27.654s.; 
—41.438s. ;  and  these  are  the  intervals  to  be  used  in  reducing 
the  subsequent  observations. 

Ex.  1.  The  follovnng  observations  of  Capella  were  made  at 
Greenwich,  January  27th,  1851 : 

A 5h.  4m.     — 

B 20.2s. 

C 40.2 

D 69.8 

B 6     19.7 

F 39.5 

G 59.4 

Mean  of  wires  observed,  5h.  5m.    9.8s. 
The  sum  of  the  equatorial  numbers  for  wires  B,  C,  D,  B,  F, 
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Q-  is  —41.443s.,  which,  divided  by  6,  gives  —6.907s.,  and,  mtdti- 
plied  by  Ihe  secant  of  the  deohnation,  45^  5(y  26^',  gives  —  9.91s. ; 
which,  being  appUed  to.  the  above  mean,  gives  5h.  4m.  59.89s. 
as  the  time  of  transit  over  the  mean  of  the  seven  wires. 

Ex.  2.  The  following  observations  of  Sirius  were  made  at 
Oieenwioh,  February  13th,  1851 : 

A 6L37m.     — 

B — 

C — 

D 43.7s. 

E :  68.2 

F 38      12.6 

G 26.9 

Mean  of  wires  observed,  6h.  38m.  5.35s. 
The  sum  of  the  equatorial  numbers  for  wires  D,  E,  F,  G  is 
—82.905s.,  which,  divided  by  4,  gives  —20.7268.,  and,  multi- 
plied by  the  secant  of  the  star's  declination,  16^  31^  12^^,  gives 
— 21.62s. ;  which,  applied  to  the  above  mean,  gives  for  the  time 
of  transit  over  the  mean  wire,  6h.  37m.  43.73s. 

Ex.  3.  The  foUowmg  observations  of  Spica,  Deo.  10°  22'  66", 
were  made  at  Greenwich,  February  21st,  1851 : 

A 13h.  15m.    — 

B — 

C 16       9.1s. 

D 23,1 

E 37.0 

F 61.1 

G 17       5.0 

Bequired  the  time  of  transit  over  the  mean  wire. 

Ans.  13h.  16m.  23.01s. 
(76.)  In  the  case  of  a  star  near  the  pole,  we  must  multiply 
the  sine  of  the  equatorial  interval  by  the  secant  of  the  star's  dec- 
lination, and  we  shall  obtain  the  sine  of  the  reduction  to  the 
mean  wire  according  to  Art.  74. 

Example.  The  following  observations  of  Polaris,  at  its  upper 
oulmination,  were  made  at  Greenwich,  May  30th,  1851 : 

A Oh.  38m.    — - 

B 47        — 

0 66       7.08. 
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D 11l   4m.  69.08. 

E  . 13      63.0 

F 22      47.0 

G 31      40.0 

To  determine  the  time  of  transit  over  the  mean  of  the  seven 
wires,  the  declination  of  Polaris  being  88°  30'  38".4. 
The  reduction  for  each  wire  is  computed  as  follows : 

wire  C.  wire  D. 

sine  13.816s. =7.0020484  log.  0.002.s=7.301 

sec.  Dec.  =  1.5851796  sec.  Deo. =1.585 

sine  8m.  51.70s.  =  8.5872280  log.  0.088^ =8:886 

WireE.  WIreF. 

sine  13.811s. = 7.0018912  sine  27.654s. = 7.3034239 

sec.  Deo.  =  1.5851796  sec.  Dec. = 1.5851796 

sine  8m.  51.51s. =8.5870708    sme  17m.  46.06s. =8.8886035 

wire  O. 

sine  41.438s. = 7.4790643 

sec.  Dec.  :^  1.5851796 

sine  26m.  37.92s. =9.0642439 

The  sum  of  these  ooixeotions  is  —44m.  22.86s.,  which,  divided 
by  5,  gives  —8m.  52.57s.,  which  is  the  coireotion  to  be  appUed 
to  the  mean  of  the  wires  observed  to  obtain  the  mean  of  the  sev- 
en wires.  The  mean  of  the  wires  observed  is  Ih.  13m.  53.2s. 
Hence  the  concluded  transit  over  the  mean  of  the  seven  wires 
is  Ih.  5m.  0.63s.  As  the  time  required  for  the  pole  star  to  pass 
from  one  wire  to  another  is  nearly  the  same  for  every  day  of  the 
year,  and  only  varies  in  consequence  of  a  small  change  in  the 
star's  declination,  it  is  customary,  in  regular  observatories,  to 
compute  the  intervals  for  an  assumed  value  of  the  declination, 
and  the  variation  caused  by  a  change  of  one  second  in  the  dec- 
lination.   All  the  reductions  are  then  made  with  great  fiEusiHty. 

(77.)  In  observing  the  sun,  the  times  of  passage  of  both  the 
first  and  second  limbs  over  the  wires  are  observed  and  set  down 
as  distinct  observations,  the  mean  of  which  gives  the  time  of 
passage  of  the  centre  across  the  meridian.  The  wires  of  the  in- 
strument are  generally  placed  by  the  maker  at  such  a  distance 
from  each  other  that  the  first  limb  of  the  sun  shall  have  passed 
all  of  them  before  the  second  limb  arrives  at  the  first  wire. 

If  only  one  Umb  is  observed,  the  passage  of  the  centre  may 
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be  inferred  by  adding  pr  subtracting  the  sidereal  time  of  semi- 
diameter  passing  the  meridian,  as  given  on  page  first  of  each 
month  in  the  Nautical  Almanac. 

Only  one  limb  of  the  moon  can  be  observed,  except  when  her 
transit  happens  to  be  within  an  hour  or  two  of  her  opposition ; 
and,  in  observing  the  larger  planets,  the  first  and  second  limbs 
may  be  observed  alternately  over  the  seven  wires.  If  only  one 
limb  of  a  planet  is  observed,  the  ephemeris  must  be  consulted 
for  the  time  of  passage  of  its  semidiameter. 

(78.)  In  correcting  imperfect  transits  of  the  sun  and  planets, 
Hie  value  of  the  intervals  found,  as  for  a  star  of  the  same  decU- 
nation,  must  be  increased  by  a  small  quantity.  For  if  a  fixed 
star  and  the  sun's  first  limb  were  together  at  the  first  wire,  the 
sun  would  be  behind  the  star  when  it  passed  the  second  wire, 
on  account  of  the  sun's  apparent  motion  among  the  stars.  For 
the  sun  or  a  planet,  therefore,  the  interval  found  for  a  star  must 
be  multiplied  by  the  fiactor 

3600+1 
3600  ' 
where  I  represents  the  hourly  increase  of  right  ascension  ia 
seoonds  of  time  taken  from  the  Nautical  Almanac. 

Example,  The  following  observations  of  the  sun's  second 
limb  were  made  at  Greenwich,  February  22d,  1851 : 

A 22h.  20m.    — 

B ~ 

C 54.6s. 

D 21        8.8 

E 22.9 

F 36.8 

G 51.0 

Mean  of  wires  observed,  22h.  21m.  22.8s. 
The  sum  of  the  equatorial  numbers  for  wires  C,  D,  E,  F,  Or 
is  —69.089s.,  which,  divided  by  5,  gives  —13.82s.,  and,  multi- 
plied by  the  secant  of  the  sun's  declination,  10°  IT  41^^,  gives 
— 14.04s.,  which  is  the  correction  for  a  star  of  the  same  decU- 
nation.  The  sun's  hourly  increase  pf  right  ascension,  Febru- 
ary 22d,  according  to  the  Nautical  Almanac,  was  9.52s.    Hence 

3600 :  3609.52  : :  14.04  :  14.08, 
whioh  is  the  correction  to  the  mean  of  the  wires  observed. 
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Hence  the  concluded  transit  over  the  mean  of  the  seven 

wires  is 

22h.  21m.  8.72s. 

In  Older  to  feicilitate  these  reductions,  it  is  convenient  to  have 

3600+1 
a  table  showing  the  logarithm  of  the  factor     ocrvQ    ^^^  every 

value  of  I  from  Is.  up  to  30s. 

(79.)  The  reduction  of  an  imperfect  transit  of  the  moon's 
limb  requires  a  peculiar  method,  on  account  of  the  moon's  prox- 
imity to  the  earth. 

Let  C  represent  the  centre  of  the 
earth,  A  any  place  on  the  earth's  sur- 
face, and  M  the  centre  of  the  moon ; 
then,  since  the  angular  value  of  any 
small  line  at  different  distances  is  in- 
versely as  those  distances,  the  angular 
value  of  the  moon's  hourly  motion  in 
its  orbit  from  a  place.  A,  is  to  the  an- 
gular value  of  the  same  from  C  as  CM 
to  AM.  But  CM  is  to  AM  as  the  sine 
of  CAM,  or  sine  of  ZAM,  is  to  the  sine 
of  ZCM  ;  that  is,  as  the  sine  of  the  apparent  zenith  distance  of 
the  moon  is  to  the  sine  of  the  geocentric  zenith  distance.  In 
order,  therefore,  to  reduce  an  observation  at  any  wire  to  the 
mean  of  the  wires,  the  interval  found  for  the  sun  or  a  planet 
must  be  multiplied  by  the  factor, 

sine  of  moon's  geocentric  Z .  D  ^ 
sine  of  moon's  apparent  Z .  D  ' 
or  the  entire  frictor  for  the  moon  will  be 

3600 + 1  ^  sine  of  moon's  geocentric  Z .  D  ^    ^ 

oann    ^  ~~' c J .  rr  TK  X  secant  of  moon's  ce- 

3600         sme  of  moon's  apparent  Z .  D  ^ 

ocentric  declination, 

where  I  is  the  hourly  increase  of  the  moon's  right  ascension  in 

seconds  of  time. 

Example.  The  following  observations  of  the  moon's  second 

limb  were  made  at  G-reenvTich,  February  21st,  1851 : 
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A 15L,  34m.       — 

B — 

C 35  9.5s. 

D 24.0 

E 38.7 

P 6a2 

G 36  8.0 

Mean  of  wires  observed,  ISL^  35m.,  38.68s. 
The  sum  of  the  equatorial  numbers  for  the  wires  observed, 
divided  by  5,  gives  —  13.8178s. 

The  moon's  declination  =14°  13^  12^^  S. 

Moon's  geocentric  zenith  distance =65   41  50 
Moon's  apparent  zenith  distance    =66   34  10 
Moon's  hourly  increase  of  B.  A.    =  135.248. 
The  correction  to  the  mean  of  the  wires  observed  is  then  com- 
puted as  follows : 

13.8178s. =1.14044 

3600+1=3735548.  =3.57232 

3600  comp.= 6.44370 

sin.  65°  41'  50" =9.95970 

cosec.  66   34  10  =0.03737 

sec.  14   13  12  =0.01351 

14.69s. =1.16704 

Subtracting  14.69s.  firom  the  mean  of  the  wires  observed,  we 

obtain  the  time  of  transit  over  the  mean  of  the  seven  wires, 

15h.  35m.  23.99s. 
(80.)  We  have  hitherto  supposed  the  transit  instrument  to 
be  perfectiy  adjusted — ^that  there  is  no  error  of  collimation — 
that  the  axis  is  perfectly  horizontal — and  that  the  middle  wire 
of  the  transit  describes  the  plane  of  the  meridian.  In  practice, 
these  adjustments  can  never  be  perfectly  made ;  but  we  make 
the  adjustments  as  complete  as  we  are  able.  We  then  com- 
pute the  amount  of  each  error,  and  apply  a  correction  to  the  ob- 
servations. 

Problem. 

To  determine  the  inclination  of  the  axis  of  the  transit. 
The  spirit-level  which  rests  on  the  pivots  of  the  axis  determ- 
ines the  inclination  of  the  axis.    Above  the  glass  tube,  and  par- 
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allel  to  its  length,  is  placed  a  fine  graduated  scale,  which  h 
cates  any  deviation  from  horizontality  by  the  air-bubble  reced- 
ing from  the  centre  toward  that  pivot  which  is  the  highest ;  but 
as  the  legs  of  the  level  may  not  be  of  exactly  equal  length,  it  is 
necessary  to  reverse  the  level  on  the  axis,  and  read  the  scale  at 
each  extremity  of  the  air-bubbie  in  both  its  positions ;  that  is, 
with  the  same  end  of  the  level  on  both  the  east  and  west  pivots 
alternately.  Half  the  difference  of  the  means  of  the  two  read- 
ings vnll  be  the  amount  of  deviation.  It  is  customary  to  make 
several  observations  in  each  position  of  the  level,  in  order  to  di- 
minish the  effect  of  incidental  errors.  The  following  example 
will  illustrate  this  method : 


Readings  of  the 

Scaie. 

BotMid. 

Weeteod. 

32.3 

30,0 

32.4 

30.0 

• 

32.4 

Level  revwMd. 

30.0 

32.6 

29.6 

32.6 

29.5 

32.5 

29.6 

194.8 

sums 

178.7 

32.47 

means 

29.78 

Difl 

erence. 

2.69. 

Half  the  difference  is  1.34 ;  and,  since  the  value  of  one  divis- 
ion  of  the  level  is  l'\25,  the  east  end  of  the  axis  is  too  high  by 
1^^.67,  for  the  mean  of  the  eastern  readings  is  greater  than  the 
mean  of  the  western.  Tlus  quantity,  divided  by  15,  will  give 
the  inclination  expressed  in  seconds  of  time. 

(81.)  Having  determined  the  inclination  of  the  axis,  the  cor- 
rection to  be  applied  to  the  time  of  observation  of  any  star  may 
be  computed  by  the  following  method  t 

Problem. 

To  compute  the  correction  to  the  time  of  transit  for  inclinct* 
Hon  of  the  axis. 

Let  P  represent  the  poleof  the  earthy  Z  the  zenith,  N  and  8  the 
north  and  south  points  of  the'  horizon*    Si:q[q)06e  the  transit  tel* 
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esoope  is  in  the  meridian,  at  the 
north  and  south  points  of  the 
horizon,  N  and  S,  but  the  axis 
is  inclined  to  the  horizon  by  a 
small  angle ;  the  telescope,  in- 
stead of  describing  the  merid-  -^ 
ian,  NZS,  will  describe  an  ob- 
lique cirde,  N AS ;  and  the  star, 
A,  when  it  passes  through  the 
telescope,  will  be  distant  from 
the  meridian  by  the  angle  APS. 
Now,  in  the  triangle,  APS,  we 
have  sin.  PA :  sin.  S : :  sin.  SA 


:  sin.  P ; 


or,  putting  b  to  represent  the  angle  S,  and  Z  the  zenith  dis- 
tance of  the  star  {b  being  supposed  to  be  a  small  angle). 


COS.  Dec,  :b:: cos.  Z  : P= 


b  COS.  Z 
COS.  Dec.' 


which  must  be  subtracted  from  the  observed  time  of  passage  to 
have  the  true  time,  when  the  telescope  is  inclined  to  the  west 
When  the  eastern  pivot  is  too  high,  the  level  error  is  considered 
negative ;  when  the  western  pvot  is  too  high,  the  level  error  is 
positive. 

(82.)  The  expression  for  the  zenith  distance  of  a  star,  in 
tenns  of  its  declination  and  of  the  latitude  of  the  place,  will 
vary  according  as  the  observations  are  made  to  the  south  of  the 
zenith  or  to  tiie  north  of  the  zenith ;  and,  in  the  latter  case, 
according  as  the  observations  are  made  above  or  below  the  pole. 
These  several  values  will  be  as  follow,  representing  the  latitude 
by  ^,  and  the  declination  by  6  (see  page  139) : 

Z =4^--<5    -    -    if  the  observations  be  made  to  the  south ; 
Z=<5— 0    -     -    if  to  the  north,  above  the  pole ; 
Z=180°— (0+d)  if  to  the  north,  below  the  pole. 

Example.  Castor  was  observed  to  pass  the  meridian  of  Green- 
wich, February  22d,  1851,  at*  7h.  24m.  6.52s.,  its  declination 
being  32^  12^  32^'  N.,  and  the  error  of  level  -3^^92 ;  required 
the  corrected  time  of  transit. 

The  latitude  of  Greenwich  is  51°  28'  39^' ;  therefore  Z= iy> 

1&  T\ 
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6= -3^^92=0.2618.  log.=9.4166 

COS.  Z= 9.9749 
sec.  Dec. =0.0726 
-0.29s.=9.4641 
Therefore,  the  time  of  transit,  corrected  foj  error  of  level,  is 

7L  24m.  6.23s. 

Problem. 

(83.)  To  determine  the  error  of  collimation. 

This  error  may  be  determined  by  a  micrometer  attached  to 
the  eye  end  of  the  telescope,  by  which,  when  the  telescope  is 
directed  toward  any  distant  object,  the  angalar  distance  of  that 
object  from  the  central  wire  is  measured.  The  instrument  is 
then  reversed,  and  the  distance  of  the  same  object  from  the  cen- 
tral wire  again  measured.  Half  the  difference  of  these  meas- 
ures is  the  error  of  coUimation  for  the  middle  wire. 

(84.)  At  many  observatories  the  error  of  coUimation  is  determ- 
ined, not  by  observations  of  a  distant  mark,  but  by  means  of  a 
small  transit  instrument,  mounted  at  a  short  distance  from  the 
large  transit,  and  in  the  same  meridian,  and  having  in  its  focus 
a  cross  in  the  form  of  an  acute  X.  A  reflector  is  attached,  for 
the  purpose  of  throwing  the  Ught  of  the  sky  upon  the  wires,  and, 
when  the  telescopes  are  pointed  toward  each  other,  the  cross  in 
the  small  transit  is  distinctly  seen  by  looking  through  the  large 
telescope.  The  following  are  the  results  of  a  set  of  observations 
at  Grreenwich :  When  the  illuminated  end  of  the  axis  was  east, 
and  the  micrometer  was  made  to  coincide  with  the  cross,  the 
reading  was  10.888r. ;  when  the  axis  was  reversed,  the  reading 
was  9.461r. ;  hence  the  reading  of  the  micrometer  for  the  true 
line  of  coUimation  was  10.174r.  When  the  micrometer  was 
made  to  coincide  with  the  middle  wire,  the  reading  wap  10.191r. ; 
hence  the  error  of  coUimation  for  the  middle  wire  was  0.017 
revolutions  of  the  screw,  which  is  equal  to  0^^28  in  seconds  of 
arc.  Correcting  this  for  the  distance  of  the  middle  wire  from 
the  mean  of  the  seven  wires,  we  obtain  the  error  of  coUimation 
for  the  mean  of  the  seven  wires. 

(85.)  This  error  may  also  be  determined  by  observing  the 
transit  of  Polaris,  or  any  other  close  circumpolar  star,  over  the 
first  three  wires ;  and  then,  reversing  the  axis,  observing  the 
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same  intervals  in  a  reversed  order.  The  wires  which  were  the 
first  three  in  the  former  position,  will  now  be  the  last  three. 
Let  each  of  t|ie  observations  be  reduced  to  the  mean  wire,  ac- 
cording to  Art.  76 ;  then,  if  there  were  no  error  of  ooUimation, 
the  mean  of  the  observations  in  the  first  position  of  the  tele- 
scsope  ought  to  be  the  same  as  the  mean  in  the  reversed  posi- 
tion. But  if  the  two  results  differ  from  each  other,  it  must  be 
owing  to  error  of  collimation. 

(86.)  Suppose  the  telescope  does  not  move  in  the  meridian, 
NS,  but  in  a  small  circle,  AB,  par- 
allel to  the  meridian,  and  every 
where  a  certain  number  of  seconds 
(c)  east  of  it.  Let  P  be  the  pole, 
and  C  the  place  of  the  star.  Draw 
CD  perpendicular  to  NS.  Then, 
when  the  star  passes  the  telescope, 
its  angular  distance  from  the  me- 
ridian will  be  CPD.  Now,  in  the 
triangle  CPD,  we  have 

Trig.,  Art.  211, 

R.  sin.  CD=sin.  PC  sin.  CPS. 

CD  c 


Whence 


CPS= 


(1) 
(2) 


sin.  PC "~  COS.  Dec. 

and  c=CPS  cos.  Dec 

The  following  example  will  show  the  application  of  this  meth- 
od. At  Edinburgh  Observatory  the  transit  of  Polaris  was  ob- 
served over  two  wires ;  the  instrument  was  then  reversed,  and 
the  transit  observed  over  the  same  wires,  as  follows : 


Timm  obaerved. 

Reduction. 

Times  redaced.              i 

Wire  I.  ...  0  44  33.5 
Wire  II.    .  .  0  52  46.0 

Intnummt  lereraed. 

Wire  n.    .  .  1    8  56.0 
Wire  I.  ...  1  17    8.5 

m.         s. 

+16  23.59 
+  8  12.28 

-  8  12.28 
-16  23.59 

1  0  67.09  )  g-  g„ 
1  0  58.28  \  ^^-^^ 

10  43.72  1443^ 
1  0  44.91  }  **'*^*- 

Column  second  shows  the  computed  reduction  to  the  mean 
wire,  according  to  Art.  76.  Column  third  shows  the  times  of 
transit  reduced  to  the  mean  wire.  The  difference  between  the 
mean  of  the  first  two  observations  and  the  last  two  is  13.378. ; 
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half  of  whicli,  being  6.685s.,  represents  the  angle  CPS,  which, 
multiplied  by  HiB  cosine  of  the  star's  deolination,  gives  the  error 
of  collimation,  0.181s.,  expressed  in  seconds  of  time,  which  ia 
minns  for  the  iirst  position  of  the  instrument,  and  plus  for  the 
second  position. 

(87.)  There  is  another  method  of  determining  the  error  of 
oolhmation,  which  is  exceedingly  convenient  and  accurate.     It 
consists  in  pointing  the  telescope  vertically  downward  toward  a 
vessel  of  mercury,  and  observing  the  spider  lines  of  the  telescope 
as  reflected  from  the  surface  of  the 
mercury,  a  strong  illumination  be- 
ing thrown  upon  the  system  of  wires 
by  a  lateral  lamp.     The  rays  di- 
verging  from  the  wires  at  A  issue 
in  parallel  lines  from  the  object- 
glass,  fall  upon  the  mercury,  U, 
and  are  thence  reflected  back  in 
parallel  lines  to  the   object-glass, 
which  is  enabled  to  collect  them 
again  in  its  focus.     Thus  is  formed 
a  reflected  image  of  the  system  of 
spider  lines ;  and  if  the  axis  is  per- 
fectly horizontal,  and  there  is  no 
1  error  of  collimation,  the  reflected 
system  ought  to  coincide  exactly 
with  the  real  system,  as  seen  in  the  eye-piece  of  the  instrument. 
If,  however,  when  the  axis  has  been  leveled,  the  two  systems  of 
lines  do  not  coincide,  the  diiference  is  twice  the  error  of  collima- 
tion, and  may  be  measured  by  the  micrometer. 
(88.)  The  preceding  observation  requires  a  peculiar  eye-piece, 
called  the  collimating 
eye  -  piece,    first   sug- 
gested by  Bohnenber- 
ger  in  1825.     The  ool- 
1  imating  eye-piece  con- 
sists  of   an    ordinary 
positive  eye -piece,  wi  til 
an  aperture.  A,  cut  in 
its  ^e,  and  a  piano 
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perforated  speculum,  BB,  inserted  between  the  two  lenses,  at 
an  angle  of  45^  with  the  optical  axis  of  the  telescope,  as  repre- 
sented in  the  preceding  figure.  A  lamp  being  held  so  as  to 
throw  a  strong  light  upon  the  speculum,  the  reflected  images 
of  the  wires  may  be  seen  with  great  distinctness.  Instead  of  a 
perforated  opaque  speculum,  a  piece  of  plane  glass,  with  parallel 
faces,  without  any  perforation,  is  sometimes  used.  The  observer 
looks  through  the  plane  glass  without  difficulty,  while  sufficient 
light  is  reflected  from  the  lower  surface  to  render  the  lines  visible. 

(89.)  If  the  axis  of  the  telescope  be  not  horizontal,  half  the 
distance  between  the  middle  wire  and  its  image,  corrected  for 
error  of  level,  will  give  the  error  of  collimation  of  the  middle 
wire.  Correcting  this  for  the  distance  of  the  middle  wire  from 
the  mean  of  the  seven  wires,  we  obtain  the  error  pf  collimation 
for  the  mean  of  the  seven  wires. 

(90.)  By  reversing  the  axis  of  the  transit  upon  its  supports, 
we  may  obtain  the  error  of  level,  as  well  as  of  collimation,  by 
means  of  the  micrometer.  If  the  errors  of  coUimation  and  in- 
clination of  the  axis  are  both  in  the  same  direction,  the  devia- 
tion of  the  middle  wire  from  its  reflected  image  will  represent 
twice  the  sum  of  the  errors  of  collimation  and  level ;  but  if  the 
axis  be  reversed,  the  deviation  will  be  twice  the  diiference  of 
these  quantities.  Knowing  the  sum  and  difference  of  these 
quantities,  their  values  are  readily  determined. 

Problem. 

(91.)  To  determine  the  correction  to  the  time  of  transit  for 
error  of  collimation. 

This  correction  is  readily  computed  by  equation  (1),  Art.  86. 
We  have  only  to  multiply  the  error  of  collimation  by  the  secant 
of  the  declination  of  the  star. 

Ex,  The  transit  of  Castor,  Dec.  32<^  12'  32^'  N.,  was  observed 
at  Greenwich,  February  22d,  1851,  at  7L  24m.  6.62s.,  the  er- 
it>r  of  collimation  being  —(^''.93;  required  the  corrected  time 
of  transit. 

-a'^93=0.062s.  log.=:8.792 

sec.  Dec. =0.073 
-0.07s. =81865 
Therefore,  the  corrected  time  of  transit  is  7h.  24m,  6.45s. 
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Problem. 
(92.)  To  determine  the  deviation  of  the  transit  inttrvment 
prom  the  meridian. 

First  Method. — By  the  pole  star,  or  any  close  circumpolar 
star. 

If  the  transit  telescope  revolves  on  e  Iwrizontal  axis  in  the 
jdane  of  the  nteridian,  the  intervals  of  time  between  two  sno- 
oesEdve  passages  of  the  pole  stoi  over  the  oentral 
wire  must  be  exactly  13  hours.  If  this  interval  dif- 
fers from  12  hours,  then  the  iastnuneDt  deviates 
&om  the  true  meridiaD,  and  the  amoont  of  devia- 
tion, as  measured  on  tiie  horizon,  may  be  otsnputed 
as  follows: 

Let  ZPN  be  a  meridian,  and  ZAM  the  vertical 
cinlo  described  by  the  telescope ;   let  ABDC  be 
the  small  circle  described  by  the  star  about  the 
pole,  P.     This  star  will  be  observed  with  the  tran- 
sit  telescope  at  the  pointe  A  and  B  instead  of  C 
andD. 
Let  ^=the  latitode  of  the  place ; 
j>=the  polar  distance  of  the  star ; 
a=the  angle  ll[ZN=thfi  deviation  of  the  telescope  from 

the  meridian ; 
A=tbe  interval  between  two  successive  transits,  minus 
12  hours. 
In  the  triangle  APZ,  we  have 

sin.  PA :  sin.  ZA : :  Bin.  AZP :  sin.  AFZ ; 
oc,  sinOB  small  an^ea  are  nearly  proportional  to  their  sines, 

idB. ,:  ooe.  (*+!,)::» ;  APZ=°  °°°.- <*+''' 
.  euLp 

_o{oo8.^  008. J)— sin.  ^  sin.j») 

~  am.p 

=a  cos.  ijt  oot.p— a  sin.  ^. 

(See  Trig.,  Art.  73) 

Also,  in  Ute  triangle  BFZ,  we  have 

sin.  BP :  ain.  BZ : :  sin.  BZF :  sin.  BPZ, 
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WLpioos.  (0-j?) ::a: BPN='^  ^:  ^^"^^ 

sm.p 

_g  (006.  ^  OPS,  jp+fiin.  ^  sin,  p) 

sin.  j9 

=a  oos.  ^  oot.  j7+a  sin*  0. 

Therefore,  A = APC + BPD    =  2a  oos.  ^  cot.  p, 

and  ^=?5 T~=7i  sec.  6  cot.  Deo. ; 

2  008.  ^  cot.  p    2 

that  is,  the  azimnthal  deviation  of  the  transit  is  equal  to  half 
the  difference  between  the  observed  interval  and  12  hours,  in 
seoonds,  multipUed  by  the  secant  of  the  latitude  and  the  co- 
tangent of  the  star's  declination. 

Ex.  1.  January  6th,  1850,  the  transit  of  Polaris,  Dec.  88^ 
3fy  5(y%  was  observed,  sub  polo,  at  Greenwich,  at  13h.  4m. 
39.40s. ;  and  January  7th,  at  Ih.  4m.  57.62^. ;  the  observations 
being  corrected  for  collimation,  level,  rate  of  clock,  and  change 
of  right  ascension.     Required  the  azimuthal  error. 

^=9.11s.=136^^65  log.=2.1356 

oot.  88^  3(y  50^^=8.4140 

sec.  »= 0.2056 

a= +5^69=0.7552 

Since  the  time  elapsed  in  traversing  the  eastern  semicircle  is 
more  than  12  hours,  the  plane  of  the  telescope  falls  to  the  west 
of  the  true  meridian  on  the  north  horizon. 

Ex.  2.  April  23d,  1850,  the  transit  of  Polaris,  Dec.  88<?  30^ 
27^^,  was  observed  at  Grreenvnch  at  IL  3m.  34.99s. ;  and  April 
24th,  sub  polo,  at  13h.  3m.  22.55s.  Required  the  azimuthal 
error.  Ans.  +3^^90 

The  factor  sec.  0  cot.  Dec.  is  sensibly  constant  for  Polaris  at 
each  observatory,  through  an  entire  year  or  more ;  hence  it  is 
well  to  prepare  this  factor  once  for  all.  At  Greenwich,  in  1850, 
the  rule  was  to  divide  A,  in  seconds  of  time,  by  3.206,  to  obtain 
the  azimuthal  deviation  in  seconds  of  space.  Thus,  in  Ex.  1, 
18.22s.,  divided  by  3.206,  gives  5'^69=a. 

(93.)  Second  Method.^^By  two  stars  differing  consider- 
ably  in  declination. 

If  we  take  the  difference  between  the  observed  passages  of 
two  stars  over  the  meridian,  and  also  the  difference  of  their  OQmp< 
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ISC  Y  puted  right  asoensionSy  and  we  find 

these  differences  to  be  precisely 
equal,  the  instrument  ^wiU  be  ex- 
actly in  the  meridian ;  if  they  are 
not  equal,  this  inequaUty  shows  a 
deviation  from  the  meridian. 

Let  NZS  be  a  meridian,  VZV^ 
the  vertical  circle  described  by  the 
telescope,  P  the  pole,  Z  the  zenith, 
and  A  and  B  two  stars  observed  by 
the  transit  telescope. 
Let  .  <i> = the  latitude  of  the  place ; 

d  and  d^=the  declinations  of  the  two  stars ; 

A==the  difference  of  the  observed  times,  minus  the 

difference  of  right  ascensions ; 
a=the  azimuthal  deviation  of  the  transit. 
In  the  triangle  ZPA,  we  have 

sin.  PA :  sin.  ZA : :  sin.  PZA( =sin  AZS) :  sin.  ZPA, 

a  sin.  Z  .^v 


or      COS.  6 :  sin.  Z : :  a :  ZPA= 


COS.  d 
_a  sin.  (^— d) 

COS.  d 
__a(sin.  <l>  COS.  d— cos.  ^  sin.  6) 
"~  COS.  d 

=a(sin.  ^— COS.  ^  tang.  d). 
In  the  same  manner,  we  find 

ZPB=a(sin.  ^— cos.  ^  tang.  d'). 
Therefore,     APB=a  cos.  ^(tang.  d— tang,  d'), 

APB 

or  flt= • — — r« 

COS.  0(tang.  d— tang,  d') 

But,  by  Trig.,  Art.  76, 

.      ,         T3      sin.(A— B) 
tang.  A-tang.  B=        ^         ' 

COS.  J\.  COB.  D 


Hence 


a= 


A  cos.  d  COS.  6^ 


COS.  <l>  sin.  {6^  ^6)' 
The  sign  of  A  is  determined  from  the  equation 

A=(r-T)-(R*-R), 
where  T*  and  B*^  represent  the  observed  time  and  right  asoen- 
sion  of  the  most  northern  star. 
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Example.  Aug.  18, 1850,  the  transit  oiO  Ceti  (Dec.  8°  5T  S.) 
was  observed  at  Greenwich  at  Ih.  16m.  0.95s.,  and  that  of  Po- 
laris (Dec.  88^  SO'  N.)  at  Ih.  5m.  17.63s.,  the  difference  of  the 
tabular  right  ascensions  of  the  stars  being  10m.  40.39s.  Re- 
quired the  azimuthal  error. 

The  difference  between  the  observed  passages  is  10m.  43.32s. ; 
benoe  A=-2.93s. 

2.93s. =43^^95  log.  =1.6430 

COS.  d  =8.4158 

COS.  (J' =9.9947 

sec.  ^=0.2066 

cosec.  970  27^=0.0037 

a=-r^83= 0.2628 

The  azimuthal  deviation  may,  in  hke  manner,  be  found  by 
oomparing  any  two  stars  differing  considerably  in  declination, 
and  whose  places  are  known ;  but  it  is  always  best  to  employ 
Polaris,  or  some  close  circumpolar  star,  for  one  of  the  stars. 

(94.)  Third  Method. — By  two  circumpolar  stars  at  opposite 
culminations. 

There  are  two  stars  near  the  north  pole  which  culminate 
nearly  at  the  same  time,  one  above  and  the  other  below  the 
pole.  These  stars  are  51  Cephei  and  6  UrssB  Minoris.  The 
observation  of  these  stars  affords  one  of  the  best  methods  of  de- 
termining the  deviation  of  the  transit  from  the  meridian.  The 
method  of  reduction  is  the  same  as  in  Art.  93,  except  that  in- 
stead of  6' "6  we  must  put  d^+d,  since  one  star  is  below  the 
pole.  The  observed  transits  must  first  be  corrected  for  the  er- 
rors of  level  and  coUimation.  Then  put  A=the  difference  of  the 
observed  times,  minus  the  difference  of  the  right  ascensions,  neg- 
lecting the  12  hours.     The  error  in  azimuth  will  be 

_  A  cos.  6'  COS.  6 
cos.  ^sin.(<5'+<J)' 

Example.  On  the  9th  of  February,  1850,  the  transit  of  d 
UrscB  Minoris  (Dec.  86°  35^  43^0)  sub  polo,  was  observed  at 
Greenwich  at  6h.  19m.  29.74s.,  and  that  of  51  Cephei  (Dec. 
87^  16"  26^0  at  6h.  28m.  1.58s. ;  the  difference  of  the  tabular 
right  ascension  of  the  stars  being  12h.  8m.  20.99s.  Required 
the  error  in  azimuth. 
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A= 10.868. =162^^75  log.=2.2115 

COS.  cJ^= 8.6799 
cos.  (J=8.7737 
sec.' ^=0.2056 
coseo.  6o  8'  51'^= 0.9703 
a= +6^^93=08410 
Hence  the  error  in  azimuth  is '+6^^93. 
Since  the  observed  interval  between  the  stars  was  too  great, 
it  is  plain  that  the  telescope  pointed  to  the  west  of  the  true  me- 
ridian on  the  north  horizon. 

Problem. 

(95.)  To  compute  the  correction  to  the  time  of  transit  for 
the  error  of  azimuth. 
According  to  equation  (1),  Art.  93, 

cos.  o 
that  is,  the  numerical  correction,  in  seconds  of  time,  to  each 
transit  is  equal  to  the  azimuthal  error,  expressed  in  seconds  of 
time,  multiplied  by  the  sine  of  the  zenith  distance  and  the  se- 
cant of  the  star's  declination. 

Ex.  1.  The  transit  of  Castor,  Dec.  32^  12^  32^"  N.,  was  ob- 
served  at  Greenwich,  February  22d,  1851,  at  7h.  24m.  6.52s., 
the  azimuthal  error  being  —8^^.32.  Required  the  corrected 
time  of  transit. 

The  zenith  distance  of  the  star  was  19°  16^  7^\ 

sin.  Z= 9.5186 
sec.  d=0.0726 
8^-^.32 = 0.5546s. = 9.7440 
-0.22s.=9.3351 
Hence  the  time  of  transit  corrected  for  error  of  azimuth  is  7Il 
24m.  6.30s.     By  combining  the  results  of  pages  64  and  67,  we 
find  the  time  of  transit  corrected  for  errors  of  level,  collimation, 
and  azimuth  to  be 

7h.  24m.  6.52s. -0.29s. -.0.07s.- 0.22s. =7h.  24m.  5.94s. 
Ex.  2.  It  is  required  to  compute  the  corrections  for  the  fol- 
lowing observations  made  at  Greenwich,  February  22d,  1851 : 


The   Transit  Instrument. 


73 


star. 


^Taiui 

6  UxBs  Minoris  S.  P. 

Sirias 

Antares 


DecUnstioiii 


28  28N. 
86  36N. 
16  31  S. 
26    6  S. 


Obserred 
Tnnsit. 


6  15  63.56 

6  19  16.31 

6  37  36.32 

16  19  17.27 


£rror  of 


Colllm.,  Level. 
— 0  ".93.  — 3".W. 


s. 
-0.07 
+  1.05 


s. 
-027 
+3.27 


-0.06-0.10 
-0.07! -0.06 


AEimoth, 
— 8".32. 


-0.25 
-6.24 
-0.54 
-0.60 


Second* 
ofTranflit 
Corrected. 


52.97 
14.39 
35.62 
16.54 


The  errors  of  collimation,  level,  and  azimuth  being  taken,  as 
given  at  the  head  of  columns  4,  5,  and  6,  the  computed  correc- 
tions are  as  given  above,  and  the  corrected  seconds  of  transit  are 
given  in  the  last  column  above. 

(96.)  The  preceding  results  require  to  be  still  further  correct- 
ed for  the  error  of  the  clock,  and  we  shall  obtain  the  apparent 
right  ascension  of  the  object  observed.     Hence  we  have 

RJ^=:CI+dt)+c^^^:^+b^:^+'      where 

COS.  O  COS.  O  COS.  o 

R.A.=the  apparent  right  ascension  required. 

T=the  observed  time  of  transit,  as  shown  by  the  clock. 
^=the  correction  for  error  of  the  clock ;  plus  when  the 

clock  is  too  slow. 
a=the  deviation  of  the  telescope  in  azimuth ;  plus  when 

the  eastern  pivot  deviates  to  the  north  of  east. 
6= the  inclination  of  the  axis  of  the  telescope ;  plus  when 

the  west  end  of  the  axis  is  too  high. 
c=the  error  in  collimation ;  plus  when  the  mean  of  the 

wires  falls  on  the  east  side  of  the  optical  axis. 
^=the  latitude  of  the  place. 
J=the  declination  of  the  star. 

(97.)  The  coefficients  of  a,  by  and  c,  being  of  daily  use  in  the 
redaction  of  observations,  should  be  computed  for  each  observa- 
tory. Table  IX.  furnishes  their  values  for  Washington  Observa- 
tory, by  means  of  which  the  reductions  are  made  with  great 
facility. 

Example.  It  is  required  to  compute  the  corrections  for  the 
following  observations  made  at  Washington  Observatory,  De- 
cember 30ih,  1845 : 
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> 

star. 

Dedination. 

Obwrrnd 
Tranait. 

Error  of 

Seoonda 

Aximuth, 
—0.301b. 

Level, 
+0.3408. 

CoUim.,  ^ 

— o.oesa. 

of  Transit 
Corrected. 

a  Peraei 

7  Eridani 

a  Tauri 

a  Aurifs 

P  Taun 

o         / 

+49  18 
-13  57 
+  16  12 
+45  50 
+28  28 

h.  m.      s, 
3  13  65.67 

3  51  24.14 

4  27  39.13 

5  5  53.76 
5  17    7.60 

+0.083 
-0.247 
-0.121 
+0.052 
-0.062 

+0.376 
+0.155 
+0.239 
+0.355 
+0.279 

s. 
-0.128 
-0.068 
-0.088 
-0.122 
-0.097 

56'bo 
23.96 
39.16 
54.04 
7.72 

The.  errors  of  azimuth,  level,  and  oollimatioii  bemg  taken,  as 
given  at  the  head  of  columns  4,  5,  and  6,  the  corrections  given 
above  are  readily  found  by  employing  the  coeffi<3ients  of  table 
IX. ;  and  the  corrected  times  of  transit  are  given  in  the  last 
column. 

(98.)  Of  the  figure  and  unequal  size  of  the  pivots  of  the 
transit  instrument. 

The  pivots  of  the  horizontal  axis  of  the  transit  instrument 
ought  to  be  perfectly  cylindrical.  By  the  assistance  of  the  level 
we  can  easily  determine  whether  such  is  the  case.  For  this 
purpose  we  place  the  level  upon  the  pivots,  and  point  the  object 
end  of  the  telescope  downward,  as  low  as  possible ;  we  then  di- 
rect the  telescope  upward,  as  far  as  the  level  will  permit.  If 
the  bubble  of  the  level  remains  stationary  during  this  rotation, 
we  may,  with  great  probability,  assume  that  the  pivots  are  cy- 
lindrical. This  conclusion,  however,  is  not  necessarily  exact ; 
for  if  the  sections  of  the  pivots  were  perfectly  equal  curves,  of 
whatever  kind,  symmetrically  placed  with  respect  to  the  axis  of 
rotation,  the  bubble  would  not  be  disturbed  during  the  revolu- 
tion of  the  telescope.  As,  however,  the  coincidence  of  all  these 
conditions  is  not  \o  be  expected,  we  may  safely  assume  the 
pivots  to  be  cylindrical  when  they  will  stand  the  preceding  test. 

(99.)  If  the  pivots  are  made  perfectly  cylindrical,  but  of  un- 
equal diameters,  when  the  level  is  placed  upon  the  pivots,  and 
the  telescope  revolved,  the  bubble  will  not  change  its  position, 
but  the  inclination  of  the  axis,  shown  by  the  readings  of  the 
level,  will  be  erroneous ;  for  if  the  axis  of  rotation  were  per- 
fectly horizontal  while  the  pivots  were  unequal,  the  level  would 
indicate  an  inclination,  and  the  thickest  end  of  the  axis  would 
appear  to  be  higher  than  the  other.  Let  this  inclination  be 
accurately  -measured  by  means  of  the  level.  Now  reverse  the 
axis  of  the  telescope.     If  the  largest  pivot  was  before  on  the 
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east  side  of  the  telescope,  it  will  now  be  on  the  west  side,  and 
the  inclination  of  the  axis  will  be  changed.  Let  the  inclina- 
tion be  again  accurately  measured  by  means  of  the  level.  One 
half  the  difference  between  the  level  errors  in  the  two  positions 
of  the  axis  gives  the  effect  of  the  difference  in  the  diameter  of 
the  pivots ;  and  one  fourth  the  difference  gives  the  effect  of  the 
difference  in  the  radii  of  the  pivots,  which  is  a  correction  to  be 
always  subtracted  from  the  larger  end. 

(100.)  For  example,  Mr.  Curley,  at  the  Georgetown  Observa- 
tory,  in  1846,  found  that  when  the  pivot  C  of  his  transit  instru- 
ment rested  on  the  west  Y,  the  east  end  of  the  axis  appeared  to 
be  too  high  by  1^^.046 ;  but  when  the  same  pivot  rested  on  the 
east  Y,  the  east  end  of  the  axis  appeared  to  be  too  high  by  1^^.660. 
Hence  the  pivot  C  is  the  largest,  and  the  correction  to  the  level 
error  on  account  of  the  difference  in  the  diameter  of  the  pivots  is 

— J— ^ =0*'.153.     This  correction  is  to  be  applied  to  all 

level  readings  with  this  instrument,  inasmuch  as  the  level  de- 
termines only  the  inclination  of  the  tops  of  the  pivots,  while  in 
transit  observations  we  require  to  know  the  inclination  of  the 
axis  of  the  pivots. 

TRANSIT   OBSERVATIONS   RECORDED    BY  MEANS    OF   ELECTRO-MAG- 
NETISM. 

(101.)  Q^uite  recently  there  has  been  introduced  a  new  meth- 
od of  recording  transit  observations  by  means  of  electro-magnet- 
ism. This  apphcation  involves  two  contrivances  entirely  dis- 
tinct from  each  other.  The  first  is  a  method  by  which  an  as- 
troiiomical  clock  may  be  made  to  break  the  electric  circuit  at 
the  end  of  every  second ;  and  the  other  is  the  register,  for  re- 
cording not  only  the  beats  of  the  clock,  but  also  any  other  arbi- 
trary signals  at  the  pleasure  of  the  operator. 

Ist   The  electric  clock. 

(102.)  The  electric  circuit  may  be  broken  every  second,  by 
means  of  a  clock,  in  a  variety  of  ways.  Dr.  Locke  introduces 
into  the  astronomical  clock  a  wheel  with  60  teeth,  which  makes 
one  revolution  per  minute.  Each  tooth,  in  succession,  strikes 
against  the  handle  of  a  platinum  tilt-hammer,  AC,  weighing 
aboat  two  grains,  and  knocks  up  the  hammer,  which  almost 
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immediately  falls  to  a  state  of  rest  on  a  bed  of  platinnm.  The 
fulonim,  B,  of  the  tilt-hammer  and  the  platinum  bed  rest,  sev- 
erally, on  a  small  blook  of  wood.  Eaoh  is  connected,  by  wires 
D  and  E,  with  a  pole  of  the  galvanic  battery » and  the  circuit  is 
alternately  broken  and  completed  by  the  rising  and  feilling  of 
the  hammer.  The  circuit  is  open  about  one  tenth  of  a  second, 
and  closed  the  remaining  nine  tenths  of  each  second. 

(103.)  Professor  Bond  insulates  the  axis  of  the  escapement 
wheel,  and  also  the  axis  of  the  steel  pallets,  by  a  ring  of  shellac. 
Wires  from  the  two  poles  of  the  battery  are  connected  with 

eaoh  axis,  so  that  when  either  pallet  comes  in  con- 
tact with  an  escapement  tooth,  the  galvanic  circuit 
is  closed ;  and  when  the  contact  is  broken  (as  it 
must  be  at  every  oscillation  of  the  pendulum),  the 
galvanic  circuit  is  opened. 

(104.)  At  the  Washington  Observatory  the  same 
object  is  accomplished  in  the  following  manner :  A 
small  piece  of  metal,  M,  is  attached  to  the  back  of 
the  clock,  near  the  lower  extremity  of  the  pendu- 
lum, and  upon  it  is  placed  a  small  globule  of  mer- 
cury, so  that  the  index,  B,  attached  to  the  lower 
extremity  of  the  pendulum  may  pass  through  the 
globule  of  mercury  once  every  vibration.  A  wire 
from  one  pole  of  the  battery  is  connected  with  tiie 
supports  of  the  pendulum,  C,  and  another  wire 
from  the  other  pole  of  the  battery  connects  with 
the  metaUic  support  of  the  mercury  globule.    If, 
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ucfWj  the  pendnlum  were  at  rest,  with  the  pointer,  B,  in  the  mer- 
cruy,  it  is  evident  that  the  eleotrio  cirouit  would  be  complete 
tiuon^  the  pendulum.  If,  then,  the  pendulum  be  set  in  mo^ 
tion,  it  will  break  the  circuit  whenever  it  passes  out  of  the  mer- 
cury, and  restore  it  again  as  soon  as  it  touches  the  mercury. 

(105.)  Mr.  Saxton  employs  a  small  tilt-hammer,  like  Dr. 
Locke,  but  he  breaks  the  circuit  by  means  of  a  small  glass  pin 
projecting  from  the  pendulum. 

ABC  represents  a  fine  platinum  wire,  mounted  upon  a  pivot 
at  B,  the  end  A  being 
somewhat  heavier  than 
the  other,  and  resting 
upon  a  metallic  bed,  D. 
At  C,  the  wire  is  bent 
so  as  to  form  an  obtuse 
ang^e.  The  wire  E 
goes  from  D  to  one  pole 

of  the   battery,  while  ^-^  ^'^'^ 

the  wire  H,  from  the 
other  pole  of  the  battery,  communicates  with  the  metallic  sup- 
port, Gr,  and  thence  with  the  wire  AB.  When  the  end  A  of 
the  platinum  wire  rests  upon  the  support  D,  it  is  evident  that 
the  electric  circuit  is  complete.  This  apparatus  is  placed  near 
the  middle  of  the  pendulmn  (a  portion  of  which,  IK,  is  repre- 
sented in  the  cut),  and  just  in  front  of  it,  so  that  the  pendulum 
may  swing  behind  it  without  obstruction.  A  small  glass  pin, 
F,  about  half  an  inch  in  length,  U  attached  to  the  pendulum 
in  such  a  position  that,  at  every  vibration  of  the  pendulum,  the 
pin  shall  slightly  impinge  upon  the  angle  C  of  the  platinum 
^wixe,  and  force  up  the  end  A.  As  soon  as  the  pin  has  passed 
11i6  point  C,  the  end  A  feills  back  again  upon  its  support,  D. 
Thus,  at  every  vibration  of  the  pendulum,  the  end  A  of  the 
platinnm  wire  is  lifted  about  a  tenth  of  a  second,  and  rests 
upon  D  during  the  remaining  nine  tenths  of  the  second ;  that 
IS,  the  electric  circuit  is  closed  about  nine  tenths  of  every  sec- 
ond, and  is  open  during  the  remaining  tenth. 

By  either  of  these  methods,  as  well  as  several  others,  the  elec- 
tno  cirouit  may  be  broken  every  second  by  means  of  a  clock. 

2d.  The  Register. 
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(106.)  The  most  obvious  mode  of  registering  the  beats  of  the 
clock  is  upon  a  long  fillet  of  paper,  after  the  ordinary  method 
of  telegraphic  communications.  If  the  paper  be  allowed  to  run 
through  an  ordinary  Morse  registering  apparatus,  and  the  circuit 
be  broken  every  second  by  the  clock,  the  graver  will  trace  upon 
the  paper  a  series  of  lines  of  equal  length,  separated  by  short 
interruptions,  thus : 

■^H^BB^iBHa^i^i^^o      ■^^^■•■"^■^"■•"^■i       ^•^^^•^•^m^^^mmi^^mM         — — ^— — — —  >••— MB^M)HMK»a^^^ 

It  is  easy  to  reverse  the  action  of  the  graver,  so  that,  when 
the  circuit  is  complete,  the  paper  shall  be  entirely  free,  and  a 
dot  be  n^ade  by  the  breaking  of  the  circuit.  A  paper  graduated 
into  seconds  by  this  arrangement  exhibits  dots  with  long  inter- 
vening spaces,  thus : 

instead  of  long  lines  with  short  blanks,  as  shown  before. 

In  order  to  indicate  the  commencement  of  the  minute,  a  dot 
may  be  omitted  at  the  end  of  every  60  seconds.  This  is  ac- 
complished  in  Dr.  Locke's  clock  by  omitting  one  tooth  in  the 
wheel  which  breaks  the  circuit,  as  shown  at  H,  in  the  figure, 
page  76. 

(107.)  The  mode  of  using  the  register  for  marking  the  date 
of  any  event,  is  to  tap  on  a  break-circuit  key  simultaneously 
with  the  event.  The  beginning  of  the  short  line  thus  printed 
upon  the  graduated  scale  of  tl^e  register,  fixes,  by  a  permanent 
record,  the  date  of  the  event.  Thus  A  represents  such  a  record 
printed  upon  the  graduated  paper. 

By  tapping  upon  the  key  at  the  ^nstant  a  star  is  seen  to  pass 
each  of  the  wires  of  a  transit  instrument,  the  observation  is  in- 
stantly and  permanently  recorded.  The  usual  rate  of  progress 
of  the  fillet  under  the  pen  is  about  one  inch  per  second,  and 

the  observations  are  read  off  by  means  of 
a  graduated  transparent  scale,  about  an 
inch  square,  as  represented  in  the  annexed 
/  ^  cut,  consisting  of  equidistant  and  parallel 

lines,  ruled  upon  a  piece  of  glass  by  means 
of  a  diamond,  or  etched  with  fluoric  acid. 
If  the  interval  between  the  second  dots 
be  greater  than  the  breadth  of  the  scale. 
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the  scale  is  tamed  obliquely  aoroaa  the  fillet,  until  the  first  and 
last  divisioas  exactly  oompreheud  the  space  between  tlie  two 
second  dots.  Let  the  distance  from  4s.  to  ds.,  on  the  above 
acale,  be  the  distance  on  the  fillet  between  the  fourth  and  fifth 
seooods,  and  let  the  dot,  a,  between  them  represent  the  obser- 
vation. It  appears,  by  inspection,  that  the  observation  was  re- 
corded between  4.7  and  4.8  seconds.  The  distance  of  a  from 
the  nearest  scale  division  may  be  estimated  to  tenths.  Thus 
time  is  accurately  measured  to  tenths,  and 
may  be  estimated  to  hundredths  of  a.  second. 
On  some  accounts,  it  is  more  convenient  to 
employ  a  scale  consisting  of  diverging  lines, 
as  represented  in  the  annexed  cut,  so  that  the 
breadth  of  the  scale  may  always  exactly  com- 
prehend the  interval  between  the  second  dots, 
vrhlch  intervals  must  necessarily  vary  some- 
what in  length. 

(108.)  This  method  of  recording  transits  not  only  possesses  the 
advantage  of  precision,  but  also  of  performing  vastly  more  work 
in  a  given  time.  Fifteen  seconds  is  the  ordinary  equatorial  in- 
terval for  the  wires  of  a  transit  instrument ;  but  when  the  tran- 
sits are  printed  on  paper,  in  the  manner  now  described,  this  in- 
terval may  easily  be  reduced  to  two  or  three  seconds.  The  valoe 
of  a  night's  work  with  the  transit  instrument  is  thus  increased 
many  fold. 

To  obviate  the  inconvenience  of  a  long  fillet  of  paper,  Hr. 
Saxton  has  substituted  a  cylinder,  about  eight  inches  in  diam- 
eter and  two  feet  long,  enveloped  with  paper,  which  may  be  re- 
moved at  pleasure.  This  cylinder  is  made  to  revolve,  with  a 
uniform  motion,  upon  a  screw  axis,  so  that  the  recording  dots 
are  made  upon  a  perpetual  spiral.  One  sheet,  filled  in  this 
manner,  will  contain  about  two  hours'  work  with  a  tran^t  in- 
strament. 

(109.)  In  order  to  secnre  the  full  advantage  of  the  preceding 
method,  it  is  important  that  the  paper  which  contains  the  ro- 
ister be  made  to  advance  with  entire  uniformity.  The  Messrs. 
Bond  have  invented  for  this  purpose  a  machine  which  they  call 
the  Spring  Grovamor,  consisting  of  a  train  of  clock-work  con- 
nected with  the  axis  of  a  fiy-wheel.     It  has  an  caoapement- 
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wheel,  into  the  teeth  of  whioh  pallets  are  operated  by  the  oscil- 
lations of  a  pendulum,  as  in  ordinary  clocks,  the  wheel  being  so 
connected  with  its  axis  by  a  spring  as  to  allow  the  axis  to  move 
while  the  wheel  is  detained  by  the  pallets.  The  register  is  made 
upon  a  sheet  of  paper  wrapped  round  a  cylinder. 

Professor  Airy,  in  order  to  impart  a  uniform  motion  to  the 
paper,  employs  a  large  conical  pendulum,  revolving  in  a  circle, 
whose  diameter  is  about  equal  to  the  arc  of  vibration  of  an  or- 
dinary seconds  pendulum. 

The  electric  method  of  recording  transits  has  been  employed  at 
the  Washington  Observatory  exclusively  since  December,  1849, 
and  it  is  now  used  also  at  the  Crreenwich  Observatory. 

PERSONAL    EQUATION. 

(110.)  We  frequently  find  that  two  individuals,  both  of  whom 
have  been  well  trained  in  transit  observations,  will  differ  by  a 
large  and  nearly  constcmt  quantity  in  observing  the  exact  mo- 
ment at  which  a  star  passes  a  transit  wire.  This  difference  is 
called  their  personal  equation ;  and  an  allowance  should  al- 
ways be  made  for  it  whenever  observations,  which  have  been 
made  by  two  individuals  for  the  determination  of  absolute  time, 
are  to  be  combined.  This  equation  may  be  determined  by  either 
of  the  following  methods : 

(111.)  First  Method, — Let  one  observer  note  the  passage  of 
a  star  over  the  first  three  or  four  wires  of  the  transit  instrument, 
and  the  other  observer  note  the  same  star  over  the  remaining 
wires.  Let  each  set  of  observations  be  reduced  to  the  mean 
wire  by  employing  the  equatorial  interval  previously  determined. 
7he  difference  between  the  two  mean  results  thus  obtained  is 
the  personal  equation  of  the  observers.  A  dozen  stars  observed 
in  the  course  of  an  hour,  will  furnish  this  equation  within  a  few 
hundredths  of  a  second. 

(112.)  Second  Method. — The  same  object  may  be  accom- 
plished still  more  conveniently  by  employing  an  equatorial  tel- 
escope. Place  the  two  threads  of  the  micrometer  at  a  distance 
from  each  other  equal  to  about  ten  seconds  of  time,  and  adjust 
them  to  the  position  of  an  hour  circle.  Direct  the  telescope  upon 
a  star  near  the  meridian,  and  let  the.  two  astronomers  observe 
the  passage  of  the  star  over  the  two  wires  alternately.     By 
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means  of  the  tangent  sorew  belonging  to  the  hour-ciiole,  bring 
the  star  baok  again,  and  repeat  the  observation  as  many  times 
as  may  be  thought  necessary ;  suppose,  for  example,  20  times. 
At  10  of  these  observations,  the  individual  A  should  have  made 
the  observation  at  the  first  wire,  and  the  individual  B  at  the 
second ;  and  vice  verm  for  the  other  10  observaticois.  Let  M 
represent  the  mean  of  the  first  set  of  observations,  and  M^  the 
mean  of  the  second  set  of  observations ;  then  will  the  personal 
equation  be 

2      • 

(113.)  In  1843,  Dr.  Peterson,  at  Altona,  and  M.  0.  Strove, 
of  the  Pulkova  Observatory,  from  a  series  of  observations  made 
M= 7.175s.,  and  M''= 7.581s.  Hence  their  personal  equation 
was  0.203s. 

In  the  same  manner,  the  personal  equation  between  Dr.  Pe- 
terson and  M.  Sabler,  of  the  Pulkova  Observatory,  was  found  to 
be  0.324s. 

The  personal  equation  between  the  late  Professor  Henderson, 
of  the  Edinburgh  Observatory,  and  Mr.  Wallace,  his  assistant, 
was  0.42s. 

The  personal  equation  between  Mr.  Morton  and  Mr.  Rogerson, 
assistants  at  the  Greenwich  Observatory,  in  1851,  was  0.68s. 

The  personal  equation  between  the  Messrs.  Bond,  at  the  Cam- 
bridge Observatory,  is  0.31s. 

The  personal  equation  between  Professor  Keith,  of  the  Wash- 
ington Observatory,  and  Lieutenant  Almy,  in  1846,  was  0.36s. 

In  1823,  it  was  found  that  M.  Argelander  observed  transits  of 
stars  1.2s.  later  than  Professor  Bessel,  of  the  Xonigsberg  Obser- 
vatory. 

The  same  year,  Argelander  observed  transits  0.20s.  later  than 
M.  Strove,  of  the  Dorpat  Observatory. 

Bessel  concluded,  from  numerous  comparisons,  that  in  1814 
there  was  no  personal  equation  between  himself  and  Strove ; 
that  in  1821,  Strove  observed  transits  0.8s.  later  than  himself; 
and  that  in  1823,  this  difference  amounted  to  an  entire  second. 

Bessel  also  discovered  that  when  he  employed  a  chronometer 
beating  half  seconds,  he  observed  transits  0.49s.  later  than  when 
he  employed  a  clock  beating  whole  seconds. 

F 
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This  personal  equation  is  but  another  name  for  positive  error 
in  the  estimation  of  fractions  of  a  second ;  and  it  not  only  va- 
ries with,  different  individuals,  but  varies  with  the  same  indi> 
vidual  at  different  times.  The  amount  of  this  error  in  skillful 
and  long-practiced  observers  is  truly  surprising.  Observations 
made  by.  different  individuals  for  the  determination  of  absolute 
time  should  therefore  never  be  combined,  without  investigating 
the  personal  equation  of  the  observers. 


CHAPTER  m. 

GRADUATED  CIRCLES. 
MURAL    CIRCLE. 

(114.)  The  mural  circle  consists  of  a  metallic  circle,  com- 
monly of  brass,  from  four  to  six  feet  in  diameter  when  intended 
for  a  large  observatory.  Its  circumference  is  graduated. into 
degrees  and  minutes,  and  thase  are  subdivided  into  seconds  by 
a  vernier  or  a  reading  microscope.  It  revolves  upon  a  horizon- 
tal axis,  inserted  in  a  stone  pier,  so  situated  that  the  plane  of 
the  circle  may  coincide  with  the  meridian.  The  figure  on  the 
following  page  represents  the  mural  circle  used  for  many  years 
at  the  Greenwich  Observatory.  The  circle  aaaa  is  six  feet  in 
diameter,  of  brass,  and  connected  with  the  central  nucleus  by 
sixteen  spokes,  or  conical  radii.  A  circle  of  bracing  bars  is  in- 
terposed to  bind  the  cones  together,  half  way  between  the  outer 
ring  and  the  centre.  The  axis  is  a  cone  of  brass,  nearly  seven 
inches  in  diameter  in  front,  but  behind  only  about  half  as  much, 
and  nearly  four  feet  long. 

(115.)  The  telescope,  MM,  has  a  focal  length  of  six  feet  two 
inches,  the  aperture  is  four  inches,  and  its  common  magnifying 
power  about  150.  At  its  focus  are  five  vertical  vnres,  and  a 
horizontal  stationary  one,  besides  a  micrometer  wire,  movable 
in  altitude,  whose  head  is  divided  into  100  equal  parts.  The 
telescope  is  attached  to  the  circle  at  the  centre  by  a  steel  axis, 
which  passes  through  the  proper  axis  of  motion  firom  end  to 
end,  so  that  the  motion  of  the  telescope  rouiid  its  own  axis  is 
concentric  with  that  of  the  circle.  For  the  purpose  of  fixing 
the  telescope  in  any  position  with  respect  to  the  circle,  there  are 
two  clamps,  one  at  each  end,  which  may  be  secured  to  the  ex- 
terior border  of  the  circle. 

The  limb  of  the  circle  consists  of  two  rings,  the  interior  one 
having  its  plane  parallel,  and  the  exterior  one  perpendicular  to 
the  plane  of  the  circle,  so  that,  when  united,  their  section  is 
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represented  by  the  letter  T.     The  graduation  is  made  on  the 
broad  sur£Eioe  of  the  exterior  ring.    The  divisions  are  made  upon 


a  narrow  ring  of  white  metal,  oomposed  of  four  parts  of  gold  to 
one  of  palladium ;  and  the  figures  which  count  the  degrees  are 
engraved  upon  a  similar  ring  of  platina.  Neither  of  these  metals 
tarnishes  in  the  least  degree.  The  degrees  are  cut  into  twelve 
parts,  or  5^  spaces,  and  are  numbered  from  the  pole  southward 
to  the  same  pole  again,  viz.,  from  0^  to  360°. 

(116.)  Placed  at  equal  distances  round  the  circle,  and  firmly- 
attached  to  the  pier,  are  six  reading  microecopes.  A,  B,  C,  D, 
E,  F,  with  an  acute  croB9  of  wires  at  their  foci  for  measuring 
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angles  less  than  five  mmates.     Fig.  1  rapreseuts  the  e{^>eai- 


anoe  of  one  of  these  microsoopes.  It  Is  a  oompoand  mioio- 
scope,  coDsisting  of  three  lenses,  one  of  vhioh  is  tiie  object  lens, 
at  L,  and  ihe  other  two  are  formed  into  a  positive  eye-piece, 
G  H.  In  the  common  fbous  of  the  object  lens  and  the  eye- 
piece, at  K,  is  placed  the  spider-line  micrometer,  similar  in  prin- 
ciple to  that  described  in  Art.  38.  It  consists  of  a  small  rect- 
angular &ame,  across  -which  are  stretched  two  spider  lines, 
forming  an  acate  cross,  and  is  moved  laterally  by  means  of  a 
screw,  whose  head  is  divided  into  60  equal  parts.  Pig.  3 
shows  the  field  of  view,  with  the  magnified  divisions  on  the  in- 
strument, as  seen  through  the  miorosoc^.  When  the  micro- 
scope is  properly  adjusted,  the  image  of  ihe  divided  limb  and 
the  spider 'lines  are  distinctly  visible  tf^ther;  and,  also,  five 
revolntions  of  the  screw  must  exactly  measure  one  of  the  5' 
spaces  on  the  limb.  If  the  five  revolutions  do  not  include  the 
whole  of  one  space,  the  object  lens  must  be  screwed  np  toward 
the  image  of  die  limb,  and  the  position  of  the  microscope  al- 
tered till  distinct  vision  is  obtained  both  of  the  spider  lines  and 
the  divisions  of  the  limb.  It  may  require  repeated  trials  before 
these  conditions  are  completely  ^Ifilled.  Moreover,  it  is  found 
that  changes  of  temperature  and  other  causes  prodnoe  a  oon- 
tiDual  variation  in  tha  value  of  one  division  by  the  microscope. 
Each  of  tiie  microscopes  must  therefore  be  examined  from  time 
to  time,  and  allowance  made  for  error  of  runs.  It  is  usual  to 
measure  the  valne  of  one  division  of  the  circle  by  each  mioro- 
soope,  at  several  different  parts  of  the  circle,  and  toke  the  mean. 
The  following  example  is  taken  from  the  Washington  obaenra- 
tions  of  1845 : 
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July  15, 1845.    Error  of  runs  of  the  six  microscopes  determ^ 
ined  for  four  points  of  the  circle. 


Pointer. 

A. 

B. 

c. 

D. 

E. 

p. 

Mean. 

o 

72 

+2.0 

+2.3 

+2.5 

It 

+0.5 

+1.2 

+0.0 

+ 1.417 

112 

2.5 

3.1 

1.4 

1.7 

2.3 

1.7 

2.117 

240 

2.0 

1.9 

1.8 

1.0 

2.5 

2.0 

1.867 

360 

1.8  . 

2.2 

1.7 

1.9 

1.7 

1.0 

1.717 

Mean. 

+2.07 

+2.37 

+  1.85 

+  1.27 

+1.92 

+  1.17  +1.779 

The  average  error  of  the  six  microscopes  for  an  aro  of  5  min- 
utes, July  15th,  was  +1^^.779.  Consequently,  smaller  arcs, 
which  aro  measured  by  the  microscopes,  should  have  a  propor- 
tional part  of  this  error  applied  to  them ;  that  is,  the  correction 
due  to  an  observation  for  error  of  runs  is 

M.R 


whero  R  represents  the  observed  error  of  runs,  and  M  is  the 
mean  of  the  microscopes,  omitting  the  lar^st  contained  multi- 
ple of  5  minutes. 

(117.)  The  axis  of  the  cirole  is  made  horizontal  by  the  aid  of 
a  plumb  line,  suspended  in  front  of  the  circle,  and  viewed  by 
two  microscopes,  one  near  the  top,  and  the  other  near  the  bottom ; 
of  the  circle.  Or,  as  this  instrument  is  supposed  to  be  used  an 
conjunction  with  a  transit  instrument,  we  may  render  the  axis 
horizontal  by  moving  the  adjusting  screws,  so  as  to  make  a  zen- 
ith star  pass  the  middle  wiro  at  die  instant  the  star  is  passing 
the  middle  wiro  of  the  transit.  We  may  also  bring  the  plane  of 
the  circle  into  the  meridian  by  selecting  a  star  near  to  the  hori- 
zon, and  moving  the  proper  scrows  so  as  to  cause  it  to  pass  the 
middle  wire  at  the  same  instant  that  it  passes  the  middle  wire 
of  the  transit. 

(118.)  To  make  an  observation  with  the  mural  cirole,  the  tel- 
escope is  pointed  upon  a  star  just  before  it  passes  the  meridian, 
and,  by  means  of  the  tangent  sorow,  the 'telescope  is  moved  in 
altitude  until  the  star  appears  bisected  by  the  horizontal  wire. 
An  index  or  pointer  shows  the  number  of  degrees,  and  the  near- 
est five  minutes,  while  the  minutes  less  than  five  and  llie  seconds 
aro  obtained  from  the  microscopes. 
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The  following  observations  were  made  at  Washington,  No- 
vember 28, 1845 : 


Stan. 

Pointer. 

A. 

B. 

c. 

D. 

E. 

p. 

ly  Tauri 

a  Tauri 

a  Orionis  .... 
e  Canis  Majoris . 

315  15 

322  40 

331  30 

7  35 

0  37.5 

1  15.5 

0  22.5 

1  45.6 

65.0 
44.6 
52.0 

77.& 

55.3 
36.0 
43.0 
66.0 

39.6 
18.6 
26.0 
53.2 

75.7 
56.2 
63.3 
83.6 

ft 

37.7 
14.7 
21.0 
43.6 

It  is  required  to  determine  the  true  circle  readings,  the  error 
of  runs  on  an  arc  of  5^  at  the  time  of  each  of  the  preceding  ob- 
servations being  -  I'^'.Sl ;  -r^76;  -r^81;  -r^83. 

The  mean  of  the  seconds  readings  by  the  six  microscopes  for 
ri  Tauri  is  51^^.80.  The  error  of  runs  for  5^  being  — 1''^51,  the 
error  for  61''''.8  will  be  —  (y^.27,  which,  subtracted  from  the  pre- 
ceding mean,  gives  52^^.07  for  the  number  of  seconds.  The 
pointer  indicates  315^  15^  Hence  the  concluded  circle  reading 
is  315^  16'  52^^07. 

For  a  Tauri,  the  mean  of  the  seconds  readings  by  the  six  mi- 
oroscopes  is  3(y'.93 ;  correction  for  runs,  4-0^^54,  making  31^^.47. 
The  pointer  indicates  322^  4(y,  and  the  microscopes  give  V 
ZV'Al.    Hence  the  concluded  circle  reading  is  322°  41'  ^V'Al. 

For  a  Orionis,  mean  of  the  six  microscopes,  ZT\97 ;  correc- 
tion for  runs,  +(^^23. 

Concluded  circle  reading,  331^  3(y  38^^20. 

For  e  Canis  Majoris,  mean  of  microscopes,  61'''.63 ;  correction 
for  runs,  +(^^77. 

Concluded  circle  readmg,  7^  37'  2''.40. 

These  results  require  to  be  still  further  corrected  for  refrac- 
tion, which  is  furnished  by  Table  YIH. 

(119.)  To  determine  the  horizontal  pointy  or  the  zenith 
pointy  on  the  limb  of  the  circle. 

Point  the  telescope  upon  any  known  star  when  it  crosses  the 
meridian,  and  record  the  reading  of  the  circle.  On  the  next 
night,  observe  the  same  star  as  it  crosses  the  meridian,  by  point- 
ing the  telescope  upon  the  image  of  the  star  reflected  from  the 
surface  of  mercury.  As  the  surface  of  a  fluid  at  rest  is  horizon- 
tal, and  as  the  angle  of  reflection  is  equal  to  the  angle  of  inci- 
dence, this  image  will  be  just  as  much  depressed  below  the  hori- 
zon as  the  star  itself  is  above  it    The  arc  intercepted  on  the 
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limb  of  the  circle,  between  the  star  and  its  reflected  image,  is 
the  double  altitude  of  the  star,  and  its  middle  point  is  the  hori- 
zontal point  of  the  circle,  allowing  for  the  difference  of  refraction 
at  the  moments  of  observation.  By  skillful  management  it  is  pos- 
sible to  observe  the  star  on  the  same  nighty  both  by  reflection  and 
direct  vision,  sufiiciently  near  to  the  meridian  to  give  the  horizon- 
tal point  without  risking  the  change  of  refraction  in  34  hours. 

(120.)  This  may  be  effected  in  the  following  manner :  Sev- 
eral minutes  before  the  star  in  question  comes  to  the  meridian, 
let  the  telescope  be  pointed  downward  upon  a  basin  of  mercury, 
previously  placed  in  the  proper  position  to  see  the  star  reflected 
£rom  its  surface.  Let  the  telescope  be  firmly  clamped,  and  the 
six  microscopes  be  read  and  registered.  When  the  star  enters 
the  field  of  tiie  telescope,  let  it  be  followed  by  the  micrometer 
wire  which  moves  in  altitude,  and  let  it  be  accurately  bisected 
at  the  instant  the  star  passes  the  first  vertical  wire.  Then  un- 
clamp  the  telescope  and  point  it  upward  toward  the  star ;  and, 
by  means  of  the  tangent  screw,  let  the  telescope  be  moved  in 
altitude  until  the  star  is  brought  upon  the  fixed  horizontal  wire, 
and  let  it  be  accurately  bisected  at  the  instant  of  its  passing  the 
last  vertical  wire.  The  observer  may  then  read  the  microscopes 
at  his  leisure,  and  also  the  micrometer  of  the  telescope.  Know- 
ing the  value  of  one  revolution  of  the  scrfew,  the  first  observation 
is  easily  reduced  to  the  fixed  horizontal  wire,  so  that  we  have 
secured  a  reflected  observation  at  the  first  vertical  wire,  and  a 
direct  observation  at  the  last  vertical  wire.  Both  of  the  observ- 
ations are  to  be  reduced  to  the  middle  wire,  as  explained  in  Art. 
174.  The  mean  of  the  two  observations  thus  corrected  furnish- 
es the  horizontal  point  on  the  circle. 

(121.)  The  nadir  point,  and,  consequently,  the  zenith  point 
of  the  circle,  may  also  be  found  in  the  mode  described  in  Art. 
87.  When  the  telescope  is  directed  vertically  downward  upon 
a  basin  of  mercury,  and  the  reflected  image  of  the  horizontal 
wire  is  brought  to  coincide  with  its  direct  image,  the  telescope 
is  directed  toward  the  nadir  ^  which  is  distant  90  degrees  from 
the  horizontal  point,  or  180  degrees  ftam  the  zenith  point.  As 
this  observation  can  be  made  at  any  time  independently  of  the 
weather,  it  is  a  most  valuable  method,  and  in  many  obaervato* 
ries  is  the  one  exclusively  employed. 
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(123.)  The  horizontal  point,  detemiined  by  direot  and  reflect- 
ed observations,  should  differ  exaotly  90^  from  the  zenith  point, 
determined  by  the  oollimating  eye-piece.  By  combining  the  tvvo 
methods,  therefore^  we  have  the  means  of  testing  the  accuracy 
of  each  of  them.  The  following  are  the  results  of  observations 
made  at  Washington  in  1845 : 


Aug. 


1 

4 

18 

23 

Oct.  30 

Nov.   7 

«    18 


Ci 


ii 


Star. 


d  Urs6B  Minoris 
d  VrsBd  Minoris 
6  UrssB  Minoris 
a  UrssB  Minoris 
y  Cephei  .... 
y  Cephei  .... 
y  Cephei  .... 


HorlKontal  Point. 


330  0 

330  0 

30  0 

29  57 

100  0 

120  0 

160  0 


1.16 
1.42 
0.01 
34.17 
3.02 
8.50 


Zenith  Point. 


240 
240 
300 
299 
190 
210 


11.80250 


0 
0 
0 
67 
0 
0 
0 


1.30 
0.65 
1.00 

35.23 
3.22 
8.40 

11.69 


Difference. 


-0.14 
+0.77 
-0.99 
-1.06 
-0.20 
+0.10 
+0.11 


During  the  interval  of  these  observations,  the  position  of  the 
telescope  was  repeatedly  changed,  so  that  the  horizontal  point 
was  brought  upon  different  parts  of  the  circle.  The  last  column 
in  the  above  table  shows  the  errors  of  the  observations,  combined 
with  the  error  in  the  graduation  of  the  circle ;  yet  the  resulting 
error,  it  will  be  seen,  is  scarcely  appreciable. 
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(123.)  As  the  mural  circle  has  a  short  axis,  its  position  in  the 
meridian  is  unstable,  and  therefore  it  can  not  be  relied  upon  to 
give  the  right  ascension  of  stars  with  great  accuracy.  It  was 
formerly  thought  necessary  at  Greenwich  to  have  two  instru- 
ments for  determining  a  star's  place ;  viz.,  a  transit  instrument 
to  determine  its  right  ascension,  and  a  mural  circle  to  determine 
its  declination.  The  German  astronomers  have,  however,  com- 
bined both  instruments  in  one,  under  the  name  of  meridian  circle, 
which  is  essentially  the  transit  instrument  already  described, 
with  a  large  graduated  circle  attached  to  its  axis.  Until  re- 
cently, the  English  astronomers  have  generally  contended  that 
this  combination  was  only  suited  to  instruments  of  moderate  di- 
mensions ;  but  a  large  transit  circle  has  lately  been  constructed 
for  Greenwich  Observatory,  under  the  direction  of  Professor  Airy. 
The  telescope  has  an  aperture  of  eight  inches,  and  a  focal  length 
of  Hi  feet  The  length  of  the  axis  between  the  extremities  of 
the  pivots  is  six  feet,  and  the  diameter  of  each  pivot  is  six  inches. 
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The  circle  is  six  feet  in  diameter,  and  is  made  of  cast  iron.  This 
instrument  has  been  in  constant  use  since  the  commencement 
of  the  year  1851,  and  the  old  transit  instrument  and  mural  circle 
have  been  abandoned. 

(124.)  The  figure  on  the  opposite  page  represents  the  transit 
circle  belonging  to  the  observatory  at  Cambridge,  Massachusetts. 
%   The  telescope,  T,  has  an  object-glass  of  four  and  one  eighth  inch- 
es aperture,  and  five  feet  focal  length.     The  length  of  the  axis 
between  the  shoulders  of  the  pivots  is  twenty-six  inches;  the 
pivots  are  of  steel,  two  and  a  half  inches  in  diameter,  and  the 
same  in  length.     The  eye-piece  is  provided  with  two  microm- 
eters, one  having  a  vertical,  and  the  other  a  horizontal  move- 
ment.    Besides  the  usual  mode  of  illuminating  the  field  through 
the  axis,  there  are  facilities  for  illuminating  the  wires  in  a  dark 
field.     The  circles  are  four  feet  in  diamieter,  being  cast  in  one 
piece,  and  are  both  graduated  on  silver,  from  0^  to  360^,  into 
five-minute  spaces.     There  are  eight  micrometer  reading  mi- 
croscopes, and  these  are  attached  immediately  to  the  granite 
piers  being  four  for  each  circle.     Four  of  these  microscopes  are 
seen  at  A,  B,  C,  and  D,  the  other  four  are  on  the  opposite  side  of 
the  piers.     These  inicroscopes  serve  to  bisect  diametrically  both 
circles.     The  five-minute  spaces  of  the  limbs  are  subdivided  by 
the  micrometers,  a  single  division  of  the  micrometer  head  being 
equal  to  one  second  of  arc,  and  may  be  read,  by  estimation,  to 
two  tenths  of  a  second.     The  arm,  E,  attached  to  the  pier,  sup- 
ports an  additional  microscope,  which  serves  as  a  pointer  to  in- 
dicate the  degrees  and  minutes  approximately.     There  are  fric- 
tion wheels  for  relieving  the  prSssure  of  the  axis  pivots  upon  the 
Y's,  supported  by  plates  secured  to  the  piers. 

For  leveling  the  axis,  a  striding  level  is  employed,  which,  com- 
bined with  the  method  of  reflection  firom  quicksilver  at  the  nadir 
point,  affords  an  independent  means  of  ascertaining  the  amount 
of  coUimation  of  the  mid  wire  without  reversal  of  the  pivots. 
There  is,  however,  apparatus  for  reversing  the  instrument. 

The  object-glass  is  by  Merz,  of  Munich ;  the  mounting  by 
Sinrnis,  of  London. 

With  this  instrument  one  observer  can,  at  the  same  time,  de- 
termine both  the  right  ascension  and  declination  of  a  star  with 
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as  great  precision  as  it  can  be  done  by  two  observers  with  an 
ordinary  transit  instrumeqt  and  a  mural  circle. 

Differences  of  declination  recorded  by  electro^magnetism, 

(125.)  Differences  of  declination  may  be  recorded  by  means 

of  electro-magnetism.     This  is  accomplished  by  inserting  in  the 

focus  of  the  meridional  telescope  two  systems  of  spider  lines, 

one  vertical,  and  the  other  inclined  at  an  angle  of  45^.     Let 

AB  represent  the  horizontal  wire  of  the 
transit  instrument,  DE  the  middle  vert- 
ical wire,  and  FGr  a  wire  inclined  to  the 
latter,  at  an  angle  of  45°.  Let  the  tele- 
scope be  pointed  upon  a  star  as  it  ap- 
proaches the  meridian,  and  let  it  be  bi- 
sected by  the  wire  AB,  while  the  time  of 
passing  the  vertical  wire,  DE,  is  recorded. 
Let  the  telescope  remain  firmly  fixed  in  its  position,  and  sup- 
pose a  second  star  enters  the  field  at  H,  and  traverses  the  path 
HL.  Let  the  instants  of  passing  FGr  at  I,  and  DE  at  K,  be 
recorded.  Then,  if  the  angle  DCF  is  45°,  CK  (which  is  the 
difference  of  declination  of  the  two  stars)  will  be  equal  to  EI. 
The  line  KI  is  measured  by  the  time  required  for  the  star  to 
describe  this  portion  of  its  path ;  and,  in  order  to  convert  the 
observed  time  into  arc  of  a  great  circle,  we  must  multiply  it  by 
fifteen  times  the  cosine  of  the  starts  declination,  according  to 
Art.  72.  If  a  third  star  enters  the  field  at  M,  and  crosses  the 
wire  DE  at  N,  and  FGr  at  0,  then  CN  is  the  difference  of  dec- 
lination of  the  first  and  third  stars ;  and,  in  the  same  manner, 
by  observing  the  transits  of  any  number  of  stars  over  the  wires 
DE  and  FGr,  in  the  same  position  of  the  telescope,  we  shall  ob- 
tain their  differences  of  declination,  as  well  as  of  right  ascen- 
sion. In  order  to  diminish  the  errors  of  observation,  we  intro- 
duce a  large  number  of  inclined  wires,  at  intervals  of  two  or 
tliree  seconds  firom  each  other,  as  well  as  a  large  number  of 
vertical  wires ;  and  the  times  of  transit  over  each  system  of 
wires  are  recorded  by  electro-magnetism,  as  explained  in  Arti- 
cles 101-109. 

(126.)  This  method  is  well  adapted  to  the  construction  of  a 
catalogue  of  stars,  where  it  is  proposed  to  record  the  position  of 
every  star  within  the  range  of  the  telescqpd.     For  this  purpose 
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the  telescope  is  firmly  clamped,  and  remains  fixed  in  its  position 
dnring  the  observations  of  an  entire  evening  or  night,  while  the 
observer,  sitting  with  his  eye  at  the  telescope,  has  but  to  press 
his  finger  upon  a  key  at  the  iBstant  a  star  is  seen  to  pass  each 
wire  of  the  two  systems  already  mentioned.     This  mode  of  ob- 
Bervation  has  been  practiced  at  the  Washington  Observatory 
since  1849.     The  wires  for  right  ascension  are  35  in  number, 
.and  are  divided  into  groups  or  fas- 
oioles  of  five  each,  the  interval  be- 
tween  two  wires  being  irom  two 
to  three  seconds.     To  complete  a 
set  of  observations  on  any  one  fiis- 
oicle  requires  only  fi^m  eight  to  I 
tea  seconds.     The  wires  for  difier- 
enoes  of  declination  are  also  35  in 
number,  and  are  arranged  in  groups 
of  five  each.     In  order  to  prevent 
any  confusion  between  observa- 
tions for  right  ascension  and  those  for  declination,  the  rule  is,  to 
observe  for  right  ascension  on  one  fascicle  of  wires  first ;  then, 
by  a  telegraphic  symbol,  to  denote  ^e  magnitude  of  the  star ; 
and  afterward,  to  observe  it  tm  a  fascicle  of  inclined  wires  for 
declination.     The  several  fascicles  are  distinguished  from  each 
other  by  the  inequalities  of  the  intervals. 

ALTITUDE    AND    AZIMUTH    INSTRUMENT. 

(127.)  The  altitude  and  azimnth  instrument  consists  of  one 
graduated  oircle  confined  to  a  horizontal  plane,  a  second  greidu- 
ated  cirole  perpendicular  to  the  former,  and  capable  of  being 
tamed  into  any  azimuth,  and  a  telescope  firmly  fastened  to  the 
second  circle,  and  turning  with  it  in  altitude.  The  appearance 
of  this  instrument  will  be  learned  from  the  following  figure. 

SE  are  two  legs  of  the  tripod  upon  which  the  instrument 
rests ;  and,  in  close  contact  with  the  tripod,  is  placed  the  azi- 
tnatli  circle,  FF.  One  of  the  foot  screws  has  a  contrivance  for 
giving  a  very  slow  motion  to  this  foot  This  detached  piece 
stands  on  two  sharp  points,  besides  the  end  of  a  screw,  which, 
together,  form  an  isosceles  triangle,  having  e  gutter  in  which 
one  fiwt  of  the  tripod  rests ;  and  tiie  slowness  of  the  adjustment 
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depends  on  the  distance  of  this  foot  from  the  two  projecting  pins. 
This  leg  of  the  tripod  is  designed  to  be  placed  either  to  the  north 
or  south.  Above  the  azimuth  circle,  and  concentric  with  it,  is 
placed  a  strong  circular  plate,  G-,  which  carries  the  whole  of  the 
upper  works,  and  also  a  pointer,  to  show  the  degree  and  nearest 
five  minutes  to  be  read  off  on  the  azimuth  circle ;  the  remain- 
ing minutes  and  seconds  being  obtained  by  means  of  the  two 
reading  microscopes,  G  and  D.  The  pillars  HH  support  the 
transit  axis,  I,  by  means  of  the  projecting  pieces,  LL.  The  tel- 
escope, MM,  is  connected  with  the  horizontal  axis  in  a  manner 
similar  to  that  of  the  transit  instrument.  Upon  the  axis,  as  a 
centre,  is  fixed  the  double  circle,  NN,  each  circle  being  placed 
dose  against  the  telescope.  The  circles  are  fastened  together 
by  small  brass  pillars,  and  the  graduation  is  made  on  a  narrow 
ring  of  silver,  inlaid  on  one  of  the  sides,  which  is  usually  termed 
the  ffkce  of  the  instrument.  The  reading  microscopes,  AB,  for 
the  vertical  circle  are  carried  by  two  arms,  PP,  attached  near 
the  top  of  one  of  the  pillars. 

In  the  principal  focus  of  the  telescope  are  stretched  spider 
lines,  as  in  the  transit  instrument,  and  the  illummation  is  ef- 
fected  in  a  similar  manner. 

(128.)  Of  the  adjustments. 

The  horizontal  circle  is  first  to  be  leveled,  which  is  to  be  ef- 
fected in  the  same  maimer  as  with  a  theodolite.  The  axis  of 
the  telescope  must  also  be  leveled,  as  in  the  transit  instrument, 
and  the  spider  lines  adjusted  for  coUimation  and  verticality. 

The  meridional  point  on  the  azimuth  circle  is  its  reading 
when  the  telescope  is  pointed  north  or  south,  and  may  be  de- 
termined by  observing  a  star  at  equal  altitudes  east  and  west 
of  the  meridian,  and  finding  the  point  midway  between  the  two 
observed  azimuths ;  or  the  instrument  may  be  adjusted  to  the 
meridian,  in  the  same  manner  as  a  transit.  The  horizontal 
point  of  the  altitude  circle  is  its  reading  when  the  axis  of  the 
telescope  is  horizontal,  and  may  be  found,  as  with  the  mural 
circle,  by  alternate  observations  of  a  star  directly  and  reflected 
from  the  surface  of  mercury. 

(129.)  This  instrument  has  the  advantage  over  the  transit 
infltmment  and  mural  circle,  in  its  being  able  to  determine  the 
place  of  a  star  in  any  part  of  the  visible  heavens ;  but  we  ordi- 
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narily  require  the  place  of  a  star  to  be  given  iu  right  ascension 
and  declination,  and  not  in  altitude  and  azimuth,  and  to  de- 
duce the  oiiie  from  the  other  requires  a  laborious  computaticm. 
Hence  the  altitude  and  azimuth  instrument  is  but  little  used 
in  astronomical  observations,  except  for  special  purposes,  as,  for 
example,  to  investigate  the  laws  of  refraction. 

The  use  of  this  instrument  has,  however,  been  recently  re- 
vived at  the  Greenwich  Observatory.  In  the  year  1847,  an  al- 
titude and  azimuth  instrument  was  erected,  having  its  horizon- 
tal and  vertical  circles  each  three  feet  in  diameter.  The  length 
of  the  telescope  is  5  feet,  and  the  aperture  of  its  object  glass  3} 
inches. 

,  (130.)  The  leading  object  in  view  in  the  erection  of  this  in- 
strument was  to  obtain  observations  of  the  moon  in  portions  of 
her  orbit  where  she  could  nqt  be  observed  on  the  meridian.  It 
frequently  happens,  from  the  unfavorable  state  of  the  weather, 
that  the  moon  can  not  be  seen  when  she  is  on  the  meridian; 
and  although  the  sky  may  be  perfectly  clear,  it  is  impossible  to 
see  the  moon  on  the  meridian  for  several  days  before  and  after 
her  conjunction  with  the  sun,  on  account  of  the  brightness  of  the 
solar  rays.  But  with  the  new  altitude  and  azimuth  instrument 
it  is  found  that  the  moon  may  be  observed  in  the  morning  and 
evening  when  she  is  only  an  hour  distant  from  the  sun.  In 
the  year  1851,  observations  of  the  moon  were  obtained  with  this 
instrument  on  206  days,  while  with  the  meridional  instruments 
it  was  only  observed  110  days.  Mr.  Airy  considers  these  results 
to  be  hardly,  if  at  all,  inferior  in  accuracy  to  those  obtained  by 
the  use  of  the  mural  circle. 

SEXTANT. 

(131.)  The  arc  of  a  sextant,  as  its  name  implies,  contains 
sixty  degrees,  but,  on  account  of  the  double  reflection,  is  divided 
into  120  degrees.  The  figure  on  the  opposite  page  represents  a 
sextant,  the  frame  being  generally  made  of  brass  or  other  hard 
metal ;  the  handle,  H,  at  its  back,  is  made  of  wood.  When 
observing,  the  instrument  is  to  be. held  with  one  hand  by  the 
handle,  while  the  other  hand  moves  the  index,  Gr.  The  arc, 
AB,  is  divided  into  120  or  more  degrees,  numbered  from  A  to- 
ward B,  and  each  degree  is  divided  into  six  equal  parts  of  W 
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Aftch,  while  die  vernier  shows  10".     The  divisions  are  also  ooa- 


tinued  a  short  distance  on  the  other  aide  of  zero,  toward  A,  form- ' 
ing  what  is  called  the  aro  of  excess.  The  miorosoope,  M,  is 
movable  about  a  centre,  aod  may  be  adjusted  to  read  off  the  di< 
viai<ms  on  the  graduated  limb.  A  tangent  sorevir,  D,  is  fixed  to 
the  index,  for  the  purpose  of  making  the  contacts  more  acon- 
rately  than  can  be  done  by  hand.  'When  the  index  is  to  be 
moved  any  oonwlerable  distance,  the  screw  I  most  he  loosened ; 
and  when  the  index  ia  brought  nearly  to  the  required  division, 
the  screw  I  must  be  tightened,  and  the  index  be  moved  ^^ual- 
ly  by  the  tangent  screw.  The  upper  end  of  the  index,  Q,  term- 
inat«3  in  a  oirole,  across  which  is  fixed  the  silvered  index-glass, 
C,  over  the  centre  of  motioo,  and  perpendicular  to  the  plane  of 
the  instrument.  To  the  frame,  at  N,  is  attached  a  seoond  glass, 
called  the  horizon-glass,  the  lower  half  of  which  only  is  silvered. 
This  must  also  be  perpendicular  to  the  plane  of  the  instrument, 
and  in  such  a  position  that  its  plane  shall  be  parallel  to  the 
plane  of  the  index-glass,  C,  when  the  vernier  is  set  to  zero  on 
the  limbAB. 

The  telesoc^,  T,  is  carried  by  a  ring,  K,  attached  to  a  stem, 
G 
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which  can  be  raised  or  lowered  by  taming  a  milled  screw.  Its 
use  is  to  place  the  telescope  so  that  the  field  of  view  may  be  bi- 
sected by  the  line  on  the  horizon-glass  that  separates  the  silver- 
ed from  the  unsilvered  part.  In  the  telescope  are  placed  two 
wires,  parallel  to  each  other,  and  equidistant  fiom  the  centre  of 
the  telescope. 

Four  dark  glasses  of.  different  depths  of  shade  and  color  are 
placed  at  F,  between  the  index  and  horizon  glasses ;  also  three 
more  at  E,  any  one  or  more  of  which  can  be  turned  down,  to 
moderate  the  intensity  of  the  light  before  reaching  the  eye, 
when  a  bright  object,  as  the  sun,  is  observed. 

(132.)  The  principal  adjustments  of  the  sextant  are  the  fol- 
lovring: 

1.  To  make  the  index-glass  perpendicular  to  the  plane  of 
the  sextant. 

9 

Hpve  the  index  forward  to  about  the  middle  of  the  limb ; 
then,  holding  the  instrument  with  the  divided  limb  from  the  ob- 
server, and  the  index-glass  to  the  eye,  look  obliquely  down  the 
glass,  86  as  to  see  the  circular  arc  by  direct  vision  and  by  reflec- 
tion in  the  glass  at  the  same  time ;  and  if  they  appear  as  one 
continued  arc  of  a  circle,  the  index-glass  is  adjusted.  If  it  re« 
quires  correcting,  the  arc  will  appear  broken  where  the  reflected 
and  direct  parts  of  the  limb  meet.  As  the  glass  is,  in  the  first 
instance,  set  right  by  the  maker,  and  firmly  fixed  in  its  place, 
its  position  is  not  liable  to  alter,  except  by  violence ;  and  there- 
fore no  direct  means  are  stipplied  for  its  adjustment. 

2.  To  set  the  horizon-glass  perpendicular  to  the  plane  of  the 
sextant. 

Screw  in  the  telescope,  T,  and  point  it  toward  a  star.  Hove 
the  index  arm  backward  and  forward  past  the  zero  of  the  limb, 
and  if  the  two  images  of  the  star  do  not  exactly  coincide  in  pass- 
ing one  another,  turn  a  screw  at  the  top  or  bottom  of  the  hori- 
zon-glass, N,  until  this  coincidence  is  effected. 

3.  To  find  the  index  error. 

When  the  zero  on  the  index  is  set  to  zero  on  the  limb,  the 
horizon  and  index  glasses  should  be  parallel ;  and  if  the  tele- 
scope be  directed  to  a  star,  the  two  images  should  exactly  coin* 
dide.  If  the  two  images  do  not  coincide,  this  deviation  consti- 
tutes what  is  called  the  index  error.    The  amount  of  the  index 
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error  may  be  found  in  the  following  manner :  Ciamp  the  index 
at  about  30  minutes  to  the  left  of  zero,  and,  looking  toward  the 
son,  the  two  images  will  appear  either  nearly  in  contact,  or  over* 
lapping  each  other.  Then  perfect  the  contact  by  moving  the 
tangent  screw,  and  call  the  minntes  and  seconds  denoted  by  the 
vernier,  the  reading  on  the  arc.  Next  place  the  index  about  the 
same  quantity  to  the  right  of  zero,  or  on  the  arc  of  excess,  and 
make  the  contact  of  the  two  images  perfect,  as  before,  and  call 
the  minutes  and  seconds  on  the  arc  of  excess,  the  reading  o^the 
arc.  Half  the  difference  of  these  numbers  is  the  index  error ; 
additive  when  the  reading  on  the  aro  of  excess  is  greater  than 
that  on  the  limb,  and  subtractive  when  the  contrary  is  the  case. 

Example. 

Beading  on  the  arc SI""  5&^  . 

Reading  off  the  arc 31  22 

Difference 0^34^^ 

Index  error =-0^17^^ 

In  this  case,  the  reading  on  the  arc  bedng  greater  than  that 
on  the  arc  of  excess,  the  index  error  (17''^)  must  be  subtracted 
from  aU  observations  taken  with  the  instrument,  until  it  is  found, 
by  a  similar  process,  tha't  the  index  error  has  changed. 

4.  To  set  the  axis  of  the  telescope  parallel  to  the  plane  of  the 
sextant* 

Hiere  are  two  parallel  wires  on  opposite  sides,  and  equidis- 
tant from  the  centre  of  the  field  of  the  telescope,  and  these  aro 
usually  crossed  by  two  others.  Turn  either  pair  around  until 
they  are  parallel  to  the  plane  of  the  instrument.  Select  two 
stars  distant  from  each  other  90^  or  moro,  and  bring  them  into 
contact  just  at  the  wire  of  the  telescope  which  is  nearost  the 
plane  of  the  sextant.  Fix  the  index,  and  alter  the  position  of 
the  instrument  so  as  to  make  the  objects  appear  on  the  other 
wire.  If  the  contact  still  romains  perfect,  the  axis  of  the  tele- 
scope is  in  proper  adjustment ;  if  not,  it  must  be  altered  by 
moving  the  two  scrows  which  fasten,  to  the  up-and-down  piece, 
the  collar  into  which  the  telescope  scrows.  This  adjustment  is 
not  very  liable  to  be  deranged. 

(133.)  To  measure  the  altitude  of  the  sun  by  reflection  from 
mercury. 
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Set  the  index  near  zero.  Hold  the  instrument  with  the  right 
hand  in  the  vertical  plane  of  the  snn,  toward  which  the  tele- 
soope  should  be  pointed.  Two  images  will  be  seen  in  the  field 
of  view,  one  of  which,  vizi,  that  formed  by  reflection,  will  ap- 
parently move  downward  when  the  index  ia  pushed  forward. 
Follow  the  reflected  image  as  it  travels  downward,  until  it  ap- 
pears to  be  as  &r  below  the  horizon  as  it  was  at  first  above,  and 
the  im&ge  of  the  sun,  reflected  firom  the  mercury,  also  appears 
in  the  field  of  view.  Fasten  the  index,  and,  by  means  of  the 
tangent  screw,  bring  the  upper  or  lower  limb  of  the  sun's  im- 
age, reflected  from  the  index-glass,  into  contact  with  the  oppo- 
site limbx)f  the  image  reflected  from  the  artificial  horizon,  taking 
care  that  the  images  shall  be  midway  between  the  parallel  wires. 
The  angle  shown  on  the  instrument,  when  corrected  for  the  in- 
dex error,  will  be  double  the  altitude  of  the  sun's  limb  above  the 
horizontal  plane ;  to  the  half  of  which,  if  the  semidiameter,  re- 
fraction, and  parallax  be  applied,  the  result  will  be  the  true  alti- 
tude of  the  centre. 

In  making  this  observation,  the  observer  should  move  the  in- 
strument round*to  the  right  and  left  a  little,  making  the  axis 
of  the  telescope  the  centre  of  motion.  By  this  movement,  the 
image  reflected  firom  the  index-glass  may  be  made  to  sweep  the 
arc  of  a  circle,  and  wiU  pass  and  repass  the  image  seen  in  the 
mercury.  The  altitude  of  a  star  can  be  measured  in  the  same 
way  as  the  sun,  but  in  this  case  there  wiU.be  no  correction  for 
parallax  or  semidiameter  to  be  applied. 

(134.)  To  take  an  altitude  of  the  sun  by  means  of  the  nat' 
ural  horizon. 

If  the  observer  is  at  sea,  the  natural  horizon  must  be  employed. 
Direct  the  sight  to  that  part  of  the  horizon  beneath  the  sun,  and 
move  the  index  till  you  bring  tiie  image  of  its  lower  limb  to 
touch  the  hbrizon  directiy  imdemeath  it ;  but  as  this  point  can 
not  be  exactly  ascertained,  the  observer  should  move  the  instru- 
ment round  to  the  right  and  left  a  littie,  making  the  axis  of  the 
telescope  the  centre  of  motion.  By  this  means  the  sun  will  ap- 
pear to  sweep  the  horizon,  and  must  be  made  to  touch  it  at  the 
lowest  point  of  the  arc. 

(135.)  To  find  the  distance  between  the  moon  and  tun^  or 
between  the  moon  and  a  star. 
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Hold  the  sextant  so  that  its  plane  may  pass  thicaglji  the  sun 
and  moon.  If  the  son  be  to  the  right  hand  of  the  moon,  the 
sextant  is  to  be  held  with  its  face  upward ;  if  to  the  left  hand, 
the  faoe  is  to  be  held  downward.  With  the  instrument  in  this 
position,  look  directly  at  the  moon  through  the  telescope,  and 
move  the  index  forward  till  the  sim's  image  is  brought  nearly 
into  contact  with  the  moon's  nearest  limb.  Fix  the  index  by 
the  screw  under  the  sextant,  and  make  the  contact  perfect  by 
means  of  the  tangent  screw.  At  the  same  time,  move  the  sex- 
tant slowly,  making  the  axis  of  the  telescope  the  centre  of  mo- 
tion ;  by  which  means  the  objects  will  pass  each  other,  and  the 
contact  be  more  accurately  made ;  observing  that  the  point  of 
contact  of  the  limbs  must  always  be  observed  in  the  middle, 
between  the  parallel  wires.  The  index  will  then  point  out  the 
distance  of  the  nearest  limbs  of  the  sun  and  moon.  In  a  simi- 
lar manner  may  we  measure  the  distance  between  the  m6oii 
and  a  star. 


PRISMATIC    SEXTANT    OF    PIS- 
TOR    AND    MARTINS. 

(136.)  A  new  form  of  sex- 
tant, constructed  by  Pistor 
and  Martins,  Berlin,  Prus- 
sia, is  represented  in  the  an- 
nexed figure.  It  differs  in 
several  important  particu- 
lars from  the  common  sex- 
tant. 

1.  It  measures  any  angle 
up  to  180^.  Hence  double 
altitudes  of  objects  near  the 
zenith  can  be  taken  with 
it.  The  common  sextant  is 
limited  to  about  60^  as  the 
maximum  of  altitude.  The 
limb  of  the  instrument  is 
one  third  of  a  circle,  and 
is  graduated  firom  zero,  to- 
ward the  left,  up  to  140°, 
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like  othef  sextants.  The  graduation  stops  at  140^,  because  near 
this  point  the  prism  B  interferes  with  the  rays  which  should 
reach  the  mirror  A  from  the  object ;  and  beyond  140^  the  ob- 
ject becomes  invisible  in  this  position  of  the  sextant. 

For  angles  greater  than  140^,  the  graduation  begins  again  at 
the  left  extremity  of  the  limb  with  110^,  and  increases  toward 
the  right  up  to  180^.  When  an  observation  is  made  on  this 
part  of  the  limb,  the  &ce  of  the  sextant  is  turned  in  the  contrary 
direction  from  what  it  had  in  the  former  observations,  and  the 
prism  B  no  longer  interferes  with  vision.  But  near  180^  the 
head  of  ihe  observer  obstructs  the  rays  from  the  object ;  to  ob- 
viate which  inconvenience,  ai  diagonal  eye-prism,  E,  is  adapted 
to  the  eye-piece  of  the  telescope,  to  be  used  in  measuring  angles 
near  180o. 

2.  In  place  of  the  common  horisson-glass  is  substituted  a  recU 
angular  prism^  B)  the  diagonal  face  of  it  forming  a  mirror,  as 
explained  in  Art.  12. 

3.  Rays  from  the  object  seen  directly^  come  to  the  telescope 
without  passing  through  any  medium,  such  as  the  unsilvered 
part  of  an  horizon-glass.  Both  the  reflected  and  direct  images 
are  much  better  defined  than  is  usual  in  other  instruments. 

4.  The  index  mirror^  A,  is  so  attached  as  to  admit  of  ready 
leversal  for  determining  the  error  arising  from  want  of  parallel- 
ism of  its  surfaces.  Unlike  other  sextants,  it  receives  the  rays 
of  light  most  obliquely  when  the  index  is  at  zero.  In  measur- 
ing large  angles  there  is  no  confusion  or  multiplicity  of  images, 
and  objects  appear  distinct  and  well-defined  in  every  position 
of  the  index-glass. 

5.  The  colored  glasses,  C,  which  are  semicircles^  are  placed 
between  the  telescope  and  horizon-glass,  and  are  attached  to  an 
axis,  admitting  of  easy  reversal.  By  this  contrivance  the  effect 
of  any  want  of  parallelism  in  their  surfaces  is  entirely  obviated. 

6.  A  revolving  disk,  containing  several  colored  glasses  of  dif- 
ferent shades,  is  adapted  to  the  eye  end  of  the  telescope,  to  be 
used  in  taking  double  altitudes  of  the  sun; 

7.  The  instrument  here  described  is  6  inches  radius,  and  the 
vernier  reads  to  10^^.  The  graduation  is  very  clear,  and  the  ar> 
rangement  of  the  reading  microscope  and  ground-glass  screen 
(omitted  in  the  figure)  such  that  the  divisions  are  nearly  as 
easily  read  by  lamplight  as  by  dayli^t 


BSPB4.TIN9    ClBCLB. 


REPEATING    CIRCLE. 


(137.)  The  repeating  oircls  Iseara  aome  resemblanoe  to  flia  al- 
titode  and  azimaUi  instniment  desoribed  on  page  93,  but  it  has 
some  peooliarities  of  oonstrootion,  and  the  mode  of  using  it  is 
peenhar.     Tbe  fc^owing  figure  represents  a  repeating  oirole,  as 


employed  by  Boida.  The  inatrument  rests  upon  a  strong  tripod, 
mih  feet  screws,  AAA ;  and  a  steel  spindle,  about  15  inches 
long,  baa  one  end  inserted  into  the  middle  of  the  tripod,  to  which 
it  is  perpendicular.  A  hollow  brass  pillar,  B,  turns  freely  round 
this  spindle,  and  sustains  the  weight  of  the  upper  circle,  with 
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The  azimuth  circle,  BB,  is  connected  with  the  pillar,  and  re- 
volves with  it,  while  tiie  divisions  are  read  by  a  vernier  attached 
to  the  tripod.  A  screw  apparatus  at  C,  attached  to  one  of  the 
branches  of  the  tripod,  clamps  the  azimuth  circle,  or  allows  it  a 
quick  or  slow  motion  at  pleasure.  « 

To  the  top  of  the  pillar,  D,  is  fixed  a  horizontal  brass  bar, 
with  two  supporters  at  right  angles  to  it,  in  the  tops  of  which  are 
centered  the  ends  of  a  horizontal  axis,  round  which  the  whole  of 
the  upper  part  of  the  instrument  may  be  turned,  so  as  to  bring 
the  plane  of  the  circle  into  any  position  which  may  be  required. 
The  centre  work  of  the  upper  circle,  EE,  is  made  fast  to  the 
middle  of  the  horizontal  axis,  which  it  crosses  at  right  angles  ; 
and  at  its  remote  end  is  placed  a  counterpoise,  whicK  balances 
the  circle  and  telescopes.  The  circle,  EE,  has  an  index  with 
four  branches,  whose  verniers  subdivide  the  circle  to  ICK^. 

The  instrument  has  two  telescopes,  GrG',  HH^,  one  in  front 
of  the  circle  and  the  other  behind  it ;  and  parallel  to  the  latter 
is  placed  the  level,  E.  The  front  telescope  moves  freely  on  a 
spindle,  within  the  axis  of  the  circle.  The  back  telescope  is  a 
little  below  the  axis  of  the  circle,  while  the  level  is  a  little  above 
it,  and  both  revolve  on  a  collar  which  works  on  the  outside  of 
that  axis.  These  can  be  fixed  in  any- position  by  a  clamp,  which 
embraces  the  back  edge  of  die  circle.  The  circle  turns  freely 
about  its  axis,  carrying  telescopes,  level,  etc.,  without  altering 
their  position  in  respect  to  itself.  There  is  a  clamp  for  fixing 
the  circle,  and  a  tangent  screw  for  slow  motion. 

(138.)  By  means  of  the  two  motions  round  a  vertical  and  hori- 
zontal axis,  the  plane  of  the  circle 
may  be  made  to  pass  through 
any  two  points  whose  angular 
'S  distance  is  required  to  be  meas- 
ured. Let  P  and  S  represent 
two  objects  whose  distance  from 
each  other  is  to  be  measured,  and 
let  GNH""  represent  the  circle  ad- 
justed, so  that  its  plane  passes 
through  them.  Fix  the  front 
telescope,  HH^,  at  the  zero  of  the  graduation  in  H,  and  turn  the 
circle  about  its  axis  until  the  telescope  HH""  is  directed  exactly 
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upon  the  object  S.     Clamp  the  circle  in  this  position,  and  point 
the  back  telescope,  GGr^,  upon  the  object  P.     The  angle  PCS 
will  be  measured  by  the  arc  Q-H,  intercepted  between  the  lines 
CP  and  CS.     Unclamp  the  circle,  and  turn  it  until  the  back 
telescope,  G-GK,  is  pointed  toward  S.     The  front  telescope  will 
now  come  into  the  position  CL ;  the  zero  of  the  graduation, 
which  was  before  at  H,  will  be  removed  to  L.     Again  clamp  the 
circle,  release  the  front  telescope,  and  direct  it  toward  the  object 
P.     The  arc  GHL  will  be  twice  the  arc  required  to  be  measured. 
Repeat  tins  double  observation,  starting  again  from  tiie  point  Gr ; 
that  is,  turn  the  circle  with  its  two  telescopes  until  the  front  tel- 
escope is  pointed  upon  the  object  S.     The  zero  of  the  graduation 
will  now  be  found  at  M.     Detach  the  back  telescope,  and  point 
it  again  upon  the  object  P ;  the  arc  GrM  will  be  three  times  the 
arc  G-H.     Unclamp  the  circle,  and  turn  it  until  the  back  tele- 
scope is  pointed  upon  S ;  the  zero  of  the  graduation  will  now  be 
found  at  N.    Again  clamp  the  circle,  release  the  front  telescope, 
and  direct  it  toward  the  object  P.     The  arc  GN,  which  may  be 
read  upon  the  limb,  will  be  fourtimes  the  arc  required.    By  re- 
peating the  observation  ten  times,  we  shall  obtain  ten  times  the 
angle  sought.     It  is  not  necessary  to  read  the  graduation  after 
each  observation ;  it  is  suf&cient  to  read  the  resulting  arc  after 
the  observations  are  concluded,  and  divide  the  final  arc  by  the 
number  of  observations. 

(139.)  Suppose  these  ten  observations  should  bring  the  front 
telescope  back  to  the  zero  of  the  graduation  from  which  we 
started,  then  each  arc  would  be  equal  to  36^  ;  and  this  result 
would  not  be  affected  by  any  error  in  the  graduation  of  the  cir- 
cle. It  is  not  to  be  expected  that  the  telescope  will,  in  practice, 
be  brought  round  exactly  to  the  zero ;  but  it  should  be  brought 
round  as  near  to  zero  as  can  be  done  by  the  continued  repeti- 
tion of  the  angle  PCS ;  then,  dividing  the  result  by  the  number 
ot  repetitions,  the  effect  of  any  error  in  the  graduation  of  the 
circle  will  be  greatly  diminished,  if  not  entirely  destroyed. 

In  a  similar  manner  may  the  zenith  distance  of  any  celestial 
body  be  measured,  by  employing  the  spirit-level  attached  to  the 
back  telescope  to  indicate  a  horizontal  line. 

(140.)  The  chief  advantage  contemplated  in  the  invention  of 
the  repeating  circle  was  the  annihilation  of  erroris  of  graduation ; 
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but  the  great  .improvements  whidi  have  been  made  in  recent 
years  in  gradoating  oircles  have  rendered  this  an  object  of  minor 
importance;  while  this  instcoment  is  liable  to  some  serious  errors 
of  its  own,  so  that  the  repeating  circle  is  at  present  much  less 
used  than  formerly. 


CHAPTER  IV. 


THE  DIURNAL  MOTION. 

(141.)  If,  upon  a  clear  evening,  we  carefolly  watch  the  ap- 
pearance of  the  heavenly  bodies  for  a  sufficient  period,  we  shsdl 
find  timt  they  slowly  change  their  places  with  respect  to  the  ho- 
rizon. Each  star  appears  to  describe,  as  far  as  its  course  lies 
above  the  horizon,  a  circle  in  the  sky ;  but  these  circles  are  not 
all  of  the  same  magnitude.  The  apparent  relative  situations  of 
the  stars  among  each  other  remain  unchanged;  but  all  the 
stars  seem  to  revolve  with  a  uniform  motion  from  east  to  west, 
as  if  they  were  attached  to  the  internal  surface  of  a  vast  hollow 
sphere,  having  the  spectator  in  its  centre,  and  turning  around 
an  axis  inclined  to  the  horizon,  so  as  to  pass  through  a  fixed 
point  called  the  pole.  This  apparent  rotation  of  the  heavens  is 
called  the  diurnal  motion. 

(142.)  Let  G  be  the  place  of  the  spectator,  Z  his  zenith,  and 
N  his  nadir.  Let  POP'  be  the 
axis  about  which  the  diurnal 
motion  is  .kpparently  performed, 
F  the  elevated  pole,  and  P^  the 
dejHessed  pole  of  the  heavens. 
Then  HMO,  a  great  circle  of  the 
sphere^  whose  poles  are  Z  and  N, 
be  his  celestial  horizon,  PO 
be  the  altitude  of  the  pole, 
OPZEH  will  be  his  meridian; 
and  ELQ,  a  great  circle  perpen- 
dicular to  PP',  will  be  the  celestial  equator.  Also,  if  S  repre- 
aents  the  position  of  any  star,  and  PSP^  be  a-great  circle  passing 
tiuroD^  it,  then  LS  will  be  the  decUnation,  and  PS  the  polar 
distance  of  the  star,  and  BSD  will  be  the  diurnal  circle  it  will 
appear  to  describe  about  the  pole.  0  and  H  are  the  north  and 
0oath  points,  e  and  w  are  the  east  and  west  points  of  the  hori- 
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zon.  Also,  if  we  draw  the  vertical  circle  ZSMN,  OM  will  be 
liie  azimuth  of  the  star,  reckoned  &om  the  north  point,  MS  its 
altitade,  and  ZS  its  zenith  distance. 

The  angle  ZPS,  which  the  circle  PSP^  nftikes  with  the  me- 
ridian PZP^,  is  called  the  hour  angle  of  the  star  S. 

(143.)  The  circles  thu^  drawn  form  a  number  of  spherical 
triangles,  the  relations  of  whose  sides  and  angles  may  be  de- 
termined by  spherical  trigonometry.  When  the  place  of  only 
one  celestial  object  on  the  sphere  is  concerned,  it  may  be  de- 
termined from  the  triangle  PZS. 

In  the  triangle  PZS,  Z  represents  the  zenith,  P  the  elevated 
pole,  and  S  the  star,  sun,  or  other  celestial  object.  In  this  tri- 
angle the  sides  are,  1st.  PZ,  which,  being  the  complement  of 
PO,  the  altitude  of  the  pole,  is  the  complement  of  the  latitude 
of  the  place,  and  is  called  the  cO'latitude ;  2d.  PS,  the  polar 
distance,  or  the  complement  of  the  declination  of  the  star ;  and, 
3d.  ZS,  the  zenith  distance,  which  is  the  complement  of  the  al- 
titude of  the  star.  If  the  object  be  situated  on  the  side  of  the 
equator  opposite  to  that  of  the  elevated  pole,  PS  will  be  greater 
thanOO''. 

In  the  same  triangle  the  angles  are,  1st.  ZPS,  the  hour  angle 
of  the  star  from  the  meridian ;  2d.  PZS,  which  is  the  azimuth 
of  the  star  measured  from  the  north  point,  and  is  the  supplement 
of  HZS,  the  azimuth  measured  from  the  south  point;  and,  3d. 
The  angle  PSZ,  which  is  called  the  parallactic  angle.  * 

The  sides  and  angles  of  this  triangle,  therefore,  represent  the 
following  six  astronomical  magnitudes :  1st.  The  co-latitude  of 
the  place  of  observation ;  2d.  The  polar  distance  of  the  star ; 
3d.  Its  zenith  distance ;  4th.  Its  hour  angle ;  dth.  Its  azimuth 
from  the  north  point ;  and,  6th.  Its  parallactio  angle ;  and  whea 
any  three  of  these  magnitudes  are  given,  the  others  may  be 
computed. 

Problem. 

(144.)  To  find  the  attitude,  azimuth,  andparcUlactic  angle 
of  a  star,  its  polar  distance  and  hour  angle  being  given,  as 
well  as  the  latitude  of  the  place. 

Let  P  be  liie  pole,  Z  the  zenith,  S  the  place  of  the  star,  aiid 
HO  the  horizon. 
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Then 
PO=the  latitude,  which  we 

will  represent  by  0 ; 
PZ=the  co-latitude = 90° -<^; 
PS = the  polar  distance  of  the 
star; 

=900— <y,  -v^iiere  6  represents  the  star's  declination; 
ZS= zenith  distance  of  tiie  star,  which  we  represent  by  Z ; 
ZPS=the  star's  hour  angle,  which  we  represent  by  P ; 
PZS=the  azimuth  of  the  star,  counted  from  north,  which  we 

represent  by  A. 
In  the  spherical  triangle,  PZS,  are  given  two  sides,  PS  and 
PZ,  with  the  included  angle,  to  find  the  other  parts. 

Let  flEdl  the  perpendicular  SM  upon  PZH  ;  then,  by  Napier's 
rule, 

R.  COS.  P=tang.  PM  cot.  PS. 
Therefore,        tang.  PM=cos.  P  tang.  PS 

=cos.  P  cot.  6 (1) 

But  ZM=:PM~PZ 

=PM+0-9O°. 
Then,  by  Trig.,  Art.  216, 

sin.  PM  :  sm.  ZM ::  tang.  SZM  :  tang.  SPM ; 
that  is,    sin.  PM  :  cos.(PM+0) ::  tang.  A :  tang.  P ; 

::cot.  P  :  cot.  A (2) 

Also,  Trig.,  Art.  216, 

COS.  PM  :  COS.  ZM ::  cos.  SP  :  cos.  SZ ; 

that  is,    cos.  PM  :  sin.(PM+^) ::  sin.  6 :  cos.  Z (3) 

Also,     sin.  ZS :  sin.  P ::  sin.  PZ  :  sin.  PSZ ; 
that  is,    sin.  Z  :  sin.  P ::  cos.  0  :  sin.  parallactic  angle  .  (4) 

When  the  star  has  south  declination,  cot.  6  in  Eq.  1  will  be 
negative,  and  PM  must  be  taken  in  the  second  quadrant. 

Ex.  1.  Find  the  altitude,  azimuth,  and  parallactic  angle  of 
Aldebaran  (Dec.  16^  13^  N.),  to  an  observer  at  New  York, 
latitude  40<^  42^  N.,  when  the  s^r  is  three  hours  east  of  the 
meridian. 

By  equation  (1), 

COS.  45^  =9.849485 

cot.  16°  13"  =0.536342 

PM=*     67°  38' 81"'  tang. =0.385827 
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By  equation  (2), 

4,=     40°  42' 


PM+^=  108°  20' 31"     COS. =9.497879 

oot  P= 0.000000 

ooseo.  PM= 0.033941 

Azimuth=S.  71°  12'  30"  E.  oot=9.531820 

By  eqoation  (3), 

sin.  (PM+^)= 9.977356 

sin.  <;= 9.446025 

sec.  PM= 0.419767 

Zenith  distance  =     45°.  49' 27"      cos. =9.843148 

or       Altitude  =     44°  10' 33" 

By  equation  (4), 

sin.  45° =9.849485 

COS.  ^=9.879746 

cosec.  Z= 0.144357 

Faxallaotio  angle=     48°  22'  8in.=9.873588 

Ex.  2.  Find  the  altitude  and  azimuth  of  Regulos  (Dea  12° 
42'  N.),  to  an  observer  at  Washington,  latitude  38°  53'  N.,  when 
the  hour  angle  of  the  star  is  3h.  15m.  20s.  W. 

Ans.  Its  altitude  =     39°  38'    0", 

azimuth=S.  72°  28'  14"  W. 

Ez.  3.  Find  the  altitude  and  azimuth  of  Fomalhaut  (Deo. 
30°  25'  S.),  to  an  ohserver  at  Cambridge,  latitude  42°  22'  N., 
when  the  hour  angle  of  the  star  is  2h.  5id.  36s.  E. 

Ans.  Its  altitude  =      11°  41'  37", 
azimufh=S.  27°  18'  40"  E. 

■ 

Ex.  4.  Find  the '  altitade  and  azimuth  of  a  TJrsee  Majoris 
(Dec.  62^  33^  N.),  to  an  observer  at  Philadelphia^  latitude  39^ 
57'  N.,  when  the  hour  angle  of  the  star  is  5h.  17ni.  408.  E. 

Ans.  Its  altitude  =      39°  24^ 
azimuth =N.  35°  54'  E. 
(145.)  When  only  the  parallaotio 
angle  is  required,  it  may  be  com- 
puted without  finding  iiie  altitade 
or  azimuth,  as  follows : 
Draw  ZN  perpendicular  to  F% 
and  represent  PN  by  x.    Then,  by  Napier's  rale. 
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R.  oos.  P=tang.  PN  cot.  PZ, 

or  oos.  P=tang.  x  tang.  0 ; 

that  is,  taDg.  a;=oos.  P  oot.  0 (1) 

Again,  by  Spher.  Trig.,  Art.  216, 

sin:  NS :  sin.  PN  ::  tang.  P :  tang.  S, 

.  sin.  PN  tanj?.  P    sin.  z  tang.  P         ,^. 

or     tang.  par.  ang.= : — ^^ — = .r^^\     •  •  (2) 

r  Sin.  NS  oos.(a;+<y)  ^ 

JEauimple.  Required  the  parallactic  angle  for  Washington  Ob- 
servatory, latitade  38^  53^  33^^,  the  moon's  hour  angle  being  SO^ 
and  Declination  21^  N. 

By  formula  (1), 

cot.  0=0.093297 

COS.  P= 9.808067 

a:=^o  32^  55^'  tang. =9.901364 

By  formula  (2), 

sin.  x=9.794612 

iang.  P= 0.076186 

sec.  59°  32'  55^''         =  0.295157 

Par.  angle=55o  41'  24''  tang. =0.166955 

As  the  parallactic  angle  is  frequently  required  in  many  com- 
putations. Table  XYII.  has  been  constructed  for  Washington  Ob- 
servatory by  the  preceding  method,  except  that  instead  of  the 
geographical  latitude,  the  geocentric  latitude,  38°  42'  25",  has 
been  used.     See  Art.  208. 

(146.)  Corollary.  By  the  same  method  we 
may  compute  the  distance  between  two  stars 
whose  right  ascensions  and  declinations  are 
known. 

Let  P  be  the  pole,  and  S  and  S'  two  stars 
whose  places  are  known.  Then  PS  and  PS^  will 
represent  their  polar  distances,  and  SPS'  will  be 
th6  difference  of  their  right  ascensions.  Draw 
SH  perpendicular  to  PS'  produced.     Then 

R.  COS.  P=tang.  PM  cot.  PS. 

Therefore,       tang.  PM=cos.  P  tang.  PS. 

Also,  S'M=PM-PS'. 

And        oos.PM[:co8.  S'M::cos.PS:cos.  S'S. 

Ex,  1.  Required  the  distance  from  Aldebaran,  R.  A.  4h.  27m. 


1 
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25.948.,  Polar  distance  73^  47'  33'^3,  to  Sinus,  R.A.  6h.  38m. 

37.62s.,  Polar  distance  106°  31'  V\8. 

P=2L  11m.  11.68s.=  32<>  47'  65".2  cos. =9.9246786 

PS=106o31'    1".8  tang. =0.5279175 

PM=109o  25'  64".55  tang. =0.4524961 
PS'=  73Q  47'  33".3 

S'M=  35°  38'  21".25  cos. =9.9099313 

PS=  106^31'    1".8  COS. =9.4537809 

PM=109o  25' 54".55  sec. =0.4779669 

SS'=  46°    0'42".3  COS. =9.8416791 

Ex,  2.  Required  the  distance  from  Begulus,  R.  A.  lOh.  Om. 
29.11s.,  Polar  distance  77°  18'  41".4,  to  Antares,  R.  A.  16h. 
20m.  20.35s.,  Polar  distance  116°  5'  55".5. 

Ans.  99°  55'  44".9. 

Problem. 

(147.)  To  find  the  altitude  and  azimuth  of  a  star  when  it 
is  six  hours  from  the  meridian. 

z  If  the  star  S  he  six  hours  from  the 

meridian,  then  the  angle  ZPS=90° ; 
the  hour  circle,  PE,  intersects  the 
horizon  in  the  east  point,  E ;  and 
the  angle  PEO  is  equal  to  the  lati- 
"K  o  tude  of  the  place.     Draw  the  verti- 

cal circle  ZSM.     Then,  in  the  right-angled  spherical  triangle 
ESM,  hy  Napier's  rule, 

R.  sin.  SM=sin.  E  sin.  ES; 

that  is,  sin.  altittide=sm.  <t>  sin.  6 (1) 

Also,                  R.  COS.  E  =tang.  EM  cot.  ES ; 
that  is,                 tang.  EM.=tang.  ES  cos.  E, 
or  cotang.  azimuth=taiig.  6  cos.  0 (2) 

Ex.  1.  In  Lat.  41°  18'  N.,  when  the  sun  has  18°  25'  N.  decli- 
nation,  what  is  his  altitude  and  azimuth  at  six  o'clock  in  the 
morning? 

By  formula  (1), 

sin.  41°  18'  =9.819545 

sin,  18°  25'  =9.499584 

Altitude=     12°    2'  6"  8in.=9.319129 
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By  fonnula  (2), 

tang.  18°  25^  =9.622417 

COS.  41^  18^  =9.875793 

Azimuth=N.  76^  bT  W  E.  cot.=9.398210 

Bx,  2.  Find  the  altitude  and  azimuth  of  Regulus  (Deo.  12^ 
42'  N.)  to  an  observer  at  Philadelphia,  Lat.  39°  57'  N.,  when  the 
star  is  six  hours  past  the  meridian. 

ilTW.  Its  altitude  =        8°    6' 56'', 

azimuih=N.  80^  11'  64"  W. 

Ex.  3.  Find  the  altitude  and  azimuth  of  Capella  (Dec.  45^ 
SKY  N.)  to  an  ohserver  at  Cambridge,  Lat.  42^  22'  N.,  six  hours 
before  the  star  comes  to  the  meridian. 

Am.  Its  altitude  =     28°  54'  23", 
azimuth=N.  52^  44'  28"  E. 

Problem. 

(148.)  To  find  the  altitude  and 
hour  angle  of  a  star  when  it  is  upon 
the  prime  vertical. 

Let  ZSE  be  the  prime  vertical, 
and  S  the  position  of  the  star.  Draw 
the  hour  circle  PS.  The  angle  PZS 
will  be  a  right  angle,  and  we  shall  have,  by  Napier's  rule, 

R.  cos.  P=tang.  PZ  cot.  SP ; 
that  is,  COS.  P=cot.  ^tangd (1) 

Also,  R.  COS.  SP=cos.  SZ  cos.  PZ, 

COS.  SP 


or  COS.  SZ= 


COS.PZ' 


that  is,  sin.  altitude  =z  ,        (2) 

sm.^ 

Ex.  1.  Find  the  altitude  and  hour  angle  of  Aldebaran  (Dec. 
16^  13'  N.)  when  it  is  exactiy  east  of  an  observer  at  New  York, 
Lat  40^  42'  N.  • 

By  formula  (2), 

sin.  16°  13'  =9.446025 

sin.  40°  42'  =9.814313 

Altitude =25°  21'  27"  sin. =9.631712 

H 
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By  formtda  (1), 

tang.  16°  13'  =9.463658 

cot.  40°  42'  =0.065433 

70°  14'  12"  cos. = 9.529091 
=4h.  40m.  56.8s. = hour  angle. 
Ex.  2.  Find  the  altitude  and  hour  angle  of  Yega  (Dec.  38^ 
38^  N.),  when  it  is  exactly  west  of  an  ohserver  at  Cambridge, 
Lat.  42°  22'  N. 

Ans.  Altitude     =  67<^  53'  37", 
Hour  angle =lh.  55m.  12s. 

Problem. 

(149.)  To  find  the  amplitude  and  hour  angle  of  a  star  when 
it  is  in  the  horizon. 

Let  PEP'  represent  the  hour  circle 
which  is  six  hours  firom  the  meridian, 
and  which  intersects  the  horizon  in 
the  east  point,  £.  Let  S  or  S'  be 
the  position  of  a  star  in  the  horizon, 
and  through  S  draw  the  hour  circle 
PSP' ;  also,  through  S'  draw  the  hour 
circle  PST'.  Then,  in  the  right-an- 
gled spherical  triangle  EHS  or  EH'S^ 
EH  or  EM'=the  distance  of  the  star  firom  the  six  o'clock 

hour  circle ; 
HS  or  H'S'=the  star's  declination; 
ES  or  ES'=the  star's  amplitude ; 

=the  complement  of  the  star's  azimuth ; 
HES=H'ES'=the  complement  of  the  latitude. 
Now,  by  Napier's  rule, 

R.  sm.  MS = sin.  ES  sin.  HES, 
or  sin.  ES=sin.  MS  cosec.  MES; 

that  is,    sin.  arnplittule^cos.  aztmuth^sin.  d  sec.  ^  .  .  (1) 
Also,         R.  sin.  EM = tang.  MS.  cot  MES,  * 

or  sin.  E]St=tang.  6  tang.  ^ (2) 

P=6  hours  =fEM, 
where  P  represents  the  time  firom  the  star's  rising  to  its  passing 
the  meridian. 

Ex,  1.  Find  the  amplitude  and  hour  angle  of  Arcturus  (Dea 
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19<^  5T  N.)  when  it  rises  to  an  observer  at  New  York,  Lat  40^ 

By  fonnula  (1), 

sin.  19°  5T  =9.533009 

sec.  40°  42'  =0.120254 

AmpUtade=E.  26°  44^  49-^^  N.  sin.  =9.663263 
or  Azimuth    =N.  63°  15'  IV  E. 

By  formula  (2), 

tang.  19°  5T  =9.569885 

tang.  40<'  42^  =9.934567 

EM= 18°  11-  34'-       sm.  =9.494452 
Hence  the  hour  angle =7h.  12m.  46.88. 
Ex,  2.  Find  the  hour  angle  and  amplitude  of  Antares  (Deo. 
26°  6'  S.),  when  it  sets  to  an  observer  at  Philadelphia,  Lat.  39^ 
67"  N»  Ans,  Hour  angle =4h.  23m.  5.7s, 

Amplitude  =W.  35°    V  16''  S. 
or  Azimuth     =S.   64^68' 44'"  W. 

As  we  have  frequent  oooasion  to  know  the  time  of  rising  and 
setting  of  the  heavenly  bodies,  it  is  convenient  to  have  a  table 
from  which  this  may  be  ascertained  without  the  labor  of  com- 
putation. Table  XIX,  furnishes  the  SQmi«diumal  arcs  for  any 
latitude  up  to  60°,  and  for  any  declination  not  exceeding  29°, 
from  which,  if  we  know  the  time  of  passing  the  meridian,  the 
time  of  rising  or  setting  is  easily  found. 

To  find  the  time  of  rising  of  the  sun's  upper  Umb,  corrected 
for  refraction,  see  Art.  169. 


RING   MICROMETER. 


(150.)  The  ring  micrometer 
consists  of  an  opaque  ring,  in- 
serted in  the  focus  of  a  telescope, 
and  having  a  diameter  somewhat 
less  than  that  of  the  field  of  view. 
When  the  telescope  is  fixed  in  po- 
sition, by  observing  the  instants 
at  which  two  stars  pass  the  op- 
posite sides  of  either  the  outer  or 
inner  circle  of  the  ring,  their  dif- 
ference of  right  ascension  and 
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decimation  may  be  computed, 
provided  we  know  the  diameter 
of  the  ring.  The  annexed  fig- 
ure represents  the  appearance  of 
a  ring  suspended  in  the  focus  of 
a  telescope,  the  field  of  view  be- 
ing represented  by  the  circle 
NWSE.  Each  star  is  to  be  ob- 
served when  it  passes  behind  the 
ring  at  L,  when  it  reappears  at 
A ;  when  it  disappears  again  at 
A^  and  when  it  reappears  at  M. 

(151.)  To  determine  the  radius  of  the  ring. 
If  there  are  spider  lines  bisecting  the  ring  exactly  in  the  cen- 
tre, we  may  determine  the  radius  by  observing  the  time  required 
by  an  equatorial  stai^  in  passing  centrally  across  the  ring ;  or  by 
observing  the  passage  of  any  star  not  very  near  the  pole,  and 
multiplying  the  interval  by  the  cosine  of  its  declination ;  that  is, 

r = Radius =-^^'—^)oos.  Dec, 

where  t  and  t^  are  the  times  of  ingress  and  egress  of  the  star. 
See  Art  72. 

The  radius  of  the  ring  will  retain  the  same  value  only  as  long 
as  the  distance  of  the  ring  firom  the  object-glass  remains  un- 
changed. When,  therefore,  the  radius  of  the  ring  has  been  once 
determined,  the  position  of  the  tube  carrying  tiie  micrometer 
should  be  accurately  marked,  and,  in  all  subsequent  observa- 
tions, should  be  carefully  adjusted  to  the  same  position. 

(152.)  To  determine  the  difference  of  right  ascension  of  two 
stars. 

Point  the  telescope  in  such  a  manner  that  the  stars  may  trav- 
erse the  ring  in  succession ;  one  of  them,  for  example,  firom  A  to 
A^,  the  other  firom  B  to  B^,  and  leave  the  telescope  undisturbed 
during  the  observation.  Note  the  times  T  and  T^,  corresponding 
to  the  instants  of  ingress  and  egress  of  the  first  star  at  A  and  Af ; 
again,  leaving  the  telescope  undisturbed,  note  the  times  t  and  f , 
corresponding  to  the  instants  of  ingress  and  egteas  of  the  second 
star  at  B  and  B^  The  instant  of  passing  ihe  middle  point,  D, 
of  the  chord  AA^  will  be  denoted  by  J(T' + T) ;  and  the  instant 
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of  pesaiiig  the  middle  point,  H,  of  the  chord  BB^  will  be  de- 
noted by  i(t^+t).  The  difference  of  right  ascension  will  there- 
fore be  i{f+t)^^(T+T)y  provided  the  dock  has  no  rate  that 
SQDfflbly  affects  the  intenraL 

(153.)  To  determine  the  difference  of  declination  of  two  stars. 

We  must  previously  have  an  approximate  knowledge  of  the 
declination  of  each  of  the  stars. 

Put  d  ==the  approximate  declination  of  the  first  star ; 
(r=the  approximate  declination  of  the  seoond  star. 

Then  we  shall  have 

AD=i(r-T)16oo8.(», 
and  BH=l{r^t)lS  cos.  <r. 

Put      X=the  angle  ACD,  and  2;= the  angle  BCH. 

Then 


sin.  1=^=^  COS.  d  (T^-T) 
BH    16         *//^    j\ 

Sm.  X=: =—  COS.  d^(t^—t) 


^ ....  (1) 


Also, 


(2) 


CD=r  COS.  X 
CH=r  COS.  X 

Hence  DH,  or  the  difference  of  declination =r(cos.  2— cos.  X), 
when  both  arcs  are  on  the  same  side  of  the  centre  of  the  ring. 
When  they  are  on  opposite  sides,  the  difference  of  declination 
=r(co8.  x+coe.  X). 

When  the  observations  are  made  with  reference  to  the  outer 
edge  of  the  ring,  we  must  proceed  in  the  same  manner ;  and  if 
observations  are  made  at  both  edges  of  the  ring,  a  mean  of  the 
two  results  must  be  taken. 

The  results  for  right  ascension  will  be  most  reliable  when  the 
stars  pass  near  the  centre  of  the  ring ;  but  the  results  for  decli- 
nation will  be  most  reliable  when  the  stars  pass  at  a  considerap 
ble  distance  firom  the  centre. 

(154.)  The  following  observations  of  Encke's  comet  and  a 
neighboring  star  will  illustrate  the  use  of  this  micrometer : 


North  or 
Southor 
Centre. 

OotorRlDf. 
Ingreao. 

Inner 

Rlnc. 

Ingraee. 

Inner 

Rinf. 

Egnm. 

OvMr 
nine. 

Cooetadad 
Tranitt  OTO' 
Hoar-Clnl*. 

DMnne. 
aTK.A. 

Star 
Comet 

N. 
S. 

k.     tn,      » 

23  13    9 
23  15  11 

m.      «. 

13  28 
15  36 

36  23 
38  15 

m.     ». 

14  44 

16  38 

m.     «. 

15    4 

17    7 

14    6Si6 
16    8.0 

2    L75 

Star 
Comet 

N. 
S. 

23  35  59 
23  37  48 

37  16 
39  10 

37  41 
39  37 

36  49.75 
38  42^ 

1  52.75 
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The  obseiyations  of  the  first  of  the  preceding  tttars  with  the 
enter  ring  give  i(T^+T)=14m.  6.6s. ;  firom  the  inner  ring  we 
obtain  14m;  6s. ;  the  mean  of  the  two  is  14m.  6.25s.,  which  is 
the  time  of  passing  the  middle  point  of  its  oh(»d. '  In  the  same 
manner  we  obtain  for  the  comet  16m.  8.0s.  Hence  their  differ* 
ence  of  right  ascension  was  2m.  1.75s. ;  and,  in  the  same  man- 
ner, their  difference  of  right  ascension  at  the  second  observation 
was  Im.  52.75s. 

The*  difference  of  declination  is  computed  as  follows,  using 
only  the  observations  of  the  inner  ring : 

The  radius  of  the  inner  ring  was  9^  38^^=578^^ 

The  declination  of  ihe  star  was  32°  8'  4V'  N. 

The  declination  of  the  comet  at  the  first  observation  was  31^ 
56^  25^'  N.  nearly. 

The  declination  of  the  comet  at  the  second  observation  was 
310  53/ 14//  N.  nearly- 

For  the  first  star  observation,  by  equation  (1), 

J(^^-0=38s-=::  1.57978 

16   =1.17609 

COS.  d= 9.92773 

1=7.23807 
r 

a;=56o  36^  50^'  sm.= 9.92167 

By  equation  (2), 

COS.  re =9.74068 
r=2.76193 
CH=318^M=2.50261 
In  a  similar  manner,  for  the  first  comet  observation,  we  ob- 
tain 

CD  =422^^3. 

_  « 

Hence,  since  the  star  and  comet  were  on  opposite  sides  of  the 
centre,  the  difference  of  declination = 318^^1+422^^.3=740^^4 
=12'20'^4. 

In  the  same  manner,  we  find  the  difference  of  declination  at 
the  second  observation  to  be  15^  29^''.7. 

(155.)  Frequentiy  a  conxet  changes  its  right  ascension  and 
declination  so  rapidly  that  we  can  not  assume  that  in  one  sec- 
ond  of  time  it  describes  16^^  cos.  6  in  arc,  and  that  its  path  is 
perpendicular  to  an  hour  circle.    In  this  case,  we  must  apply  a 
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oorrection  to  the  resalt  obtained  without  regarding  the  proper 
motion. 

Let  NS  represent  an  hour  circle)  and  draw  BB'  perpendicular 
to  NS. 

Suppofle  the  comet  to  describe  the  path 
BK  instead  of  BB', 

Represent  CG-  by  </=the  least  distance 
of  the  comet  from  the  centre  of  the  ring ; 
and  let  r=^  (^— 0=half  the  interval  be- 
tween the  ingress  and  egress ;  then 

Represent  by  Aa  the  increase  of  right  ^s* 

ascension  of  the  comet  in  a  second  of  time ;  Ar  the  change  of 
r  caused  by  the  change  of  right  ascension,  so  that  r+^r  repre- 
sents the  half  interval  which  would  have  been  observed  if  there 
had  been  no  change  of  right  ascension.     Then 

At=— tAo. 

But,  by  differentiating  the  above  expression  for  d*,  we  have 

.J        16V  COS.  *d, 

Aa= = At. 

a 

Hence  Arf=(15TCoe.cJ)2^ (A) 

a 

which  represents  the  required  correction  of  the  comet's  declina* 

tion. 

Let  Ad  represent  the  change  of  declination  of  the  comet  in  a 

second  of  time,  and  n  the  angle  KBB'',  which  the  comet's  path 

makes  with  a  parallel,  we  shaJl  have 

^*°«-^=(15+Aa)cos.cJ' 

or  we  may  assume  without  appreciable  error, 

AS 

tang.»=— -. 

15  cos.  6 

Let  y  represent  Grl,  the  portion  of  the  comet's  path  between 

the  hour  circle,  CI,  and  the  perpendicular,  GCr,  drawn  firom  the. 

centsre  upon  the  path,  and  we  shall  have 

p=d  tang.  »=T5 7- 

jf  e         16cos.d 

The  correction  to  be  applied  to  the  time  of  transit  over  the 
hour  circle,  determined  witiiout  regard  to  proper  motion,  is 
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y 

15  ooB.  6^ 

"  ^^=+(15  008.  d)' <^> 

In  the  example  given  above,  the  oomef  s  motion  in  right  as- 
oension  in  24  hours  was  —  7m.59.2ds.,  and  in  declination  »3^ 
5^  (y\l.    Consequently) 

log.  Aa=7.74405n, 
and  log.  A($=9.10884n. 

.  Moreover,  we  have  before  found, 

log.d=2.62567 
T=31s. 
(5=310  66^  25^ 

To  oompnte  Ac^.  To  compute  Ar. 

By  Dmniilft  A.  By  fbmniU  B. 

15=1.17609  d=2.62567 

r=31s.=1.49136  Arf=9.10884n 

ooe.  d= 9.92870  1.73451« 

2.59615  (15  cos;  (()«=2.20958 


2  At=  -0.338.=9.52493m. 


5.19230 
Ao=7.74405» 
comp.  rf= 7.37433 
Arf=  -2"'.04=0.31068». 

At  tiie  time  of  these  observations,  tiie  comet  was  moTing 
soutiiward  from  the  centre  of  the  field,  so  tlut  its  apparent  path 
may  he  represented  by  BK.  It  passed  the  point  G-,  half-way 
between  B  and  K,  at  16m.  8.0s.  Hence  it  passed  the  point  I,  on 
the  hour  circle  bisecting  the  ring,  at  16m.  8.33s.  Therefore  the 
trae  difference  of  right  ascension  was  2m.  2.088. 

The  comet's  least  distance  from  the  centre  of  the  ring  was  be- 
fore computed  to  be  422".3,  which  is  represented  by  CG.  Its 
corrected  distance  is  CH,  which  is  420".3.  Hence  the  trae  dif- 
feienoo  of  declination  was 

420".3+318".l=738".4=12'  18".4. 


CHAPTER  V. 

TIME. 

(156.)  The  interval  between  two  successive  rettnns  of  the 
vernal  equinox  to  the  same  meridian  is  called  a  sidereal  day. 

The  internal  between  two  successive  returns  of  the  sun  to  the 
same  meridian  is  called  a  solar  day. 

The  sun  completes  an  aQparent  revolution  about  the  earth 
in  one  year,  or  365  days  5  hours  48  minutes  and  47.57  sec- 
onds ;  so  that  the  sun's  mean  daily  motion  is  found  by  tlie  pro- 
portion 

one  year :  one  day ::  360® :  daily  motion =59'  S'^'.SS. 

This  motion  is  not  uniform,  but  is  greatest  when  the  sun  is 
nearest  the  earth.  Hence  the  solar  days  are  unequal ;  and  to 
avoid  the  inconvenience  which  would  result  from  this  fieict,  as- 
tronomers have  recourse  to  a  mean  solar  day,  the  length  of  which 
is  equal  to  the  mean  or  average  of  all  the  apparent  solar  days 
in  a  year. 

(157.)  The  length  of  the  mean  solar  day  is  different  from  that 
of  the  sidereal,  because  when  the  mean  sun,  in  its  diurnal  mo- 
tion, returns  to  the  meridian,  it  is  59"^  8^^.33  advanced  eastward 
in  right  ascension. 

An  arc  of  the  equator,  equal  to  360®  59^  8'^33,  passes  the 
meridian  in  a  mean  solar  day,  while  only  360®  pass  in  a  sidereal 
day.  To  find  the  excess  of  the  solar  day  above  the  sidereal  day, 
expressed  in  sidereal  time,  we  have  the  proportion 

360®  :  59^  8'^33 ::  one  day :  3m.  66.565s. 

Hence  24  hours  of  mean  solar  time  are  equivalent  to  24h. 
3m.  56.555s.  of  sidereal  time.  As  we  have  frequent  occasion 
to  convert  intervals  of  mean  solar  time  into  intervals  of  sidereal 
time,  Table  lY.  has  been  constructed,  from  which  such  inter- 
vals are  found  by  mere  inspection. 

Example.  Find  the  sidereal  interval  which  corresponds  to  16h. 
20m.  20.58s.  of  mean  solar  tima 
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According  to  Table  FV., 

15  hours  mean  solar  time = 15L    2m.  27.847s.  sidereal  time. 
20  minutes"       "      "    =        20        3.285        "         " 
20  seconds  "      "      "    =  20.055        "         « 

0.58  "      "      "    = 0.582        «         " 

The  sidereal  interval        =  15h.  22m.  51.769s. 

To  find  the  excess  of  the  solar  day  above  the  sidereal  day,  ex- 
pressed in  solar  time,  we  have  the  proportion 

360^  59'  8''.33 :  59^  8^^33 ::  one  day :  3m.  55.909s. 

Hence  24  hours  of  sidereal  time  are  equivalent  to  23h.  56m. 
4.091s.  of  mean  solar  time.  In  order  to  facilitate  the  conver- 
sion of  sidereal  time  into  solar  time,  Table  Y.  has  been  construct- 
ed, from  which  these  intervals  ara  foimd  by  mere  inispection. 

Example.  Find  the  solar  interval  which  corresponds  to  16h. 
15m.  25.66s.  of  sidereal  time. 

According  to  Table  V., 

16  hours  sidereal  time= 15h.  57m.  22.727s.  mean  solar  time. 
15  minutes  «         "     =         14      57.543      "       "        " 
25  seconds   "         «     =  24.932       "        "       " 

0.66  "        «     = 0.658      «       "       " 

The  solar  interval       =  16h.  12m.  45.860s. 

(158.)  Throughout  this  wotk  we  shall  suppose  the  student  to 
have  in  his  possession  some  astronomical  ephemeris,  like  the 
Nautical  Almanac.  The  English  Nautical  Almanac  has  been 
published  annually  since  1767,  and  generally  appears  about 
three  years  in  advance  of  the.  date  for  which  it  is  computed. 
The  French  Connaissance  des  Temps  has  been  published  annu- 
ally since  1679,  without  ever  having  suffered  a  single  interrup- 
tion; and  the  Berlin  Astronomisches  Jahrbuch  has  been  pub- 
lished annually  since  1776.  The  first  volume  of  the  American 
Nautical  Almanac,  being  for  1855,  was  published  in  February, 
1853,  and  is  expected  to  appear  regularly  in  future.  Either  of 
these  almanacs  vnll  furnish  all  the  data  which  are  required  for 
the  computations  in  this  treatise.  We  shall,  however,  employ 
the  American  Nautical  Almiainab  for  1856  or  1856,  whenever  it 
can  conveniently  be  done ;  and  for  other  cases  shall  tefer  to  the 
English  Nautical  Almanac. 
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Problem. 

(159.)  To  convert  mean  solar  time  into  sidereal  time. 

When  the  son  is  on  the  meridian,  the  sidereal  time  is  the  same 
as  the  sun's  apparent  right  ascension. 

Thus,  according  to  the  American  Nautical  Almanac  for  1855, 
page  271,  the  sun's  apparent  right  ascension  at  Washington,  ap- 
parent noon,  January  1,  1855,  is  18h.  46m.  58.21s.;  this  is, 
therefore,  the  sidereal  time  at  that  instant.  The  sidereal  time 
of  mean  noon  may  be  found  from  the  preceding,  hy  applying  the 
equation  of  time,  reduced  to  its  sidereal  equivalent.  Thus,  on 
January  1, 1855,  the  equation  of  time  is  +3m.  49.72s.,  which  is 
equivalent  to  3m.  50.35s.  sidereal  time.  Theilefore  the  sidereal 
time  of  mean  noon  is 

18h.  46m.  58.21s.  -3m.  50.35s.,  which  equals  18h.  43m.  7.86s. ; 
and  this  is  the  number  given  in  the  last  column  of  page  271  of 
the  almanac.  The  almanac  furnishes,  in  like  manner,  the  side- 
real time  of  mean  nocm  at  Washington  for  every  day  in  the  year. 
With  this  assistance,  we  can  easily  convert  any  instant  of  mean 
sdar  time  into  its  corresponding  sidereal  time,  by  the  following 

Rule. 

Sidereal  time  required^  sidereal  time  at  the  preceding  mean 
noon^  plus  the  sidereal  interval  corresponding  to  the  given 
mean  time. 

Example.  Convert  2h.  22m.  25.62s.  mean  solar  time  at 
Washington,  January.  2, 1855,  into  sidereal  time. 

Sidereal  time  at  the  preceding  mean 

noon^  viz.,  January  2 18h.  47m.    4.42s. 

Add  the  mean  time,  reduced  to  its  side- 
real equivalent  by  Table  IV.   ....    2h.  22m.  49.023. 

The  sum  is  the  sidereal  time  required  21h.    9m.  53.44s. 

If  the  place  of  observation  be  not  on  the  meridian  of  the  ephem- 
eris,  the  sidereal  time  at  mean  noon  must  be  corrected  by  the 

addition  of  9.8565s.  /=  "^*  '■ '-\  for  each  hour  of  longi- 
tude^ if  the  place  be  to  the  west  of  the  first  meridian,  but  by  its 
substraction  if  to  the  east. 

Example.  Convert  7h.  55m.  51.65s.  mean  time  at  the  High 
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School  Obeervatoiy,  Philadelphia,  April  19, 1855,  into  sidereal 
time. 

The  sidereal  time  at  the  preceding  Wash- 
ington mean  noon  is Ih.  48m.  55.828. 

Correction  for  7m.  33.6s.,  Philadelphia 
east  of  Washington —1.24s. 

Sidereal  time  at  the  preceding  Philadel- 
phia mean  noon Ih.  48m.  54.58s. 

Add  the  mean  time,  reduced  to  its  side- 
real equivalent  7h.  57m.    9.82s. 

The  sum  is  the  sidereal  time  required  .  .  9h.  46m.    4.408. 

Problem. 

(160.)  To  convert  sidereal  time  into  mean  solar  time. 

If  from  the  proposed  sidereal  time  we  subtract  the  sidereal 
time  at  the  preceding  mean  noon,  we  shall  obtain  the  interval 
from  mean  noon  expressed  in  sidereal  time ;  and  if  we  convert 
this  interval  into  its  mean  solar  equivalent,  we  shall  have  the  in- 
terval elapsed  since  mean  noon  expressed  in  mean  time,  and  there- 
fore the  time  which  ought  to  be  shown  by  a  mean-time  clock. 

Example.  Convert  21h.  9m.  53.44s.  sidereal  time  at  Wash- 
ington, January  2,  1855,  into  mean  solar  time. 

Sidereal  time  given 21h.    9m.  53.44s. 

Sidereal  time  at  preceding  mean  noon  .  18h.  47m.    4.42s. 

Interval  in  sidereal  time  from  mean  noon    2h.  22m.  49.02s. 

Equivalent  in  mean  solar  time  by  Ta-  

ble  V. 2h.  22m.  25.628. 

which  is  therefore  the  mean  solar  time  required. 

(161.)  If  we  subtract  the  sidereal  time  at  mean  noon  from 
twenty-four  hours,  and  convert  this  interval  into  its  solar  equiv- 
alent, we  shall  have  the  mean  time  of  transit  of  the  first  point 
of  Aries,  which  may  be  called  the  mean  time  at  sidereal  noon. 
It  is  the  time  which  ought  to  be  shown  by  a  mean-time  clock, 
at  the  moment  that  a  clock  adjusted  to  sidereal  time  indicates 
exactly  Oh.  Om.  Os.  The  mean  time  of  transit  of  tiie  first  point 
of  Aries  is  given  in  the  English  Nautical  Almanac  for  every  day 
of  the  year,  on  page  xx.  of  each  month.  It  is  omitted  in  the 
American  Almanac  for  1855,  but  is  inserted  in  the  Almanac  for 
1856,  on  page  m.  of  each  month,  under  the  title  mean  time  of 
sidereal  Oh.     This  quantity  is  found  as  follows : 
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The  sidereal  time  at  G-reenwich,  mean  noon,  January  1, 1855, 
is  18h.  42m.  17.25s.  Subtracting  this  from  24  hours,  we  have 
5h.  17m.  42.75s.,  which,  reduced  to  its  equiyalent  solar  interval, 
is  5h.  16m.  50.70s.,  which  is,  therefore,  the  mean  time  of  transit 
of  the  first  point  of  Aries  for  January  1, 1855,  at  Grreenwich,  and 
is  so  given  on  page  xx.  of  the  English  Almanac.  With  this  as- 
sistance, we  can  easily  convert  any  instant  of  sidereal  time  into 
its  oorrespcNoding  mean  solar  time,  by  the  following 

Rule. 

TA6  mean  solar  time  required=mean  time  at  the  preceding' 
sidereal  noon^  plus  the  mean  interval  corresponding  to  the 
given  sidereal  time. 

Example.  Convert  21h.  8m.  55.39s.  sidereal  time  at  Grreen- 
wich, January  2,  1855,  into  mean  time. 
Mean  time  at  the  preceding  sidereal  noon, 

January  1 5h.  16m.  50.70s. 

Add  the  given  sidereal  time  reduced  to 

its  equivalent  mean  time 21h.    5m.  27.51s. 

The  sum  is  the  mean  time  required,  Jan- 
uary 2 2h.  22m.  18.21s. 

(162.)  If  the  place  of  observation  be  not  on  the  meridian  of 
the  ephemeris,  ^e  mean  time  of  the  transit  of  the  first  point 
of  Aries  must  be  corrected  by  the  subtraction  of  9.8296s. 

; — '—^ ■  I  for  each  hour  of  longitude,  if  tlie  place  be  to 

24         / 

the  west  of  the  first  meridian,  but  by  its  addition  if  to  the  east. 
Example.  Convert  22h.  11m.  37.68s.  sidereal  time  at  High 
School  Observatory,  Philadelphia,  October  17,  1855,  into  mean 
time. 

The  mean  time  at  the  preceding  G-reen- 

wich  sidereal  noon  is lOh.  20m.  32.74s. 

Correction  for  5h.  Om.  37.6s.j  Philadel- 
phia west  of  G-reenwich —49.25s. 

Mean  time  at  the  preceding  Philadelphia 

sidereal  noon \ lOh.  19m.  43.49s. 

Add  the  sidereal  time,  reduced  to  its 

mean  equivalent 22h.   7m.  59.52s. 

The  sum  is  the  mean  time  required  .  .    8h.  27m.  43.01s. 
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Problem. 

(163.)  To  find  the  time  by  observation. 

First  Methodj'^By  equcU  altitudes  of  a  star  on  opposite 
sides  of  the  meridian. 

Observe  the  times  when  the  star  has  equal  altitudes  before 
and  after  passing  the  meridieui ;  the  arithmetical  mean  between 
these  times  is  the  time  of  the  star's  passing  the  meridian.  By 
comparing  this  time  with  the  known  place  of  the  star,  we  may 
obtain  the  error  of  the  clock. 

Example,  The  numbers  in  column  first  of  the  following  table 
show  the  times  when  Arcturus  had  the  altitudes  contained  in 
column  second,  on  the  east  of  the  meridian.  Column  third  shows 
the  times  when  it  had  the  same  altitudes  on  the  west  of  the  me- 
ridian. Column  fourth  shows  the  sums  of  these  times,  the  av- 
erage of  which  is  28h.  7m.  42.5s. ;  oonsequentiy  the  star  passed 
the  meridian  at  14h.  3m.  51.25s;  by  the  clock. 


Emc. 

Altitude. 

Weat. 

Sam. 

A«      fn»        Sm 

o       •    ' 

Jk«               9lla                   Sm 

k.    m.       : 

10  55  49.2 

43  10 

17  11  63.0 

28  7  42.2 

57  59.5 

43  30 

9  43.0 

42.5 

11    0    9.7 

43  50 

7  32.5 

42.2 

2  20.7 

44  10 

5  22.2 

42.9 

6  43.7 

44  50 

0  59.0 

42.7 

•                    ' 

Mean  ...... 

.  28  7  42.5 

t 

Meridian  passage 

1=14  3  51.25 

If  we  suppose  the  clock  regulated  to  sidereal  time,  and  the 
right  ascension  of  the  star  to  be  14h.  9m.  0.l6s.,  then  the  clock 
was  slow  5m.  8.91s. 

(164.)   Second  Method, — By  equal  altitudes  of  the  sun. 

Since  the  declination  of  the  sun  changes  from  morning  to 
evening,  the  time  of  the  sun's  arriving  at  a  given  altitude  is 
affected  by  this  motion,  and  we  must  compute  the  correction 
to  be  applied  to  the  mean  of  the  times  observed.  This  may  be 
done  by  the  following  method : 

Let  FZM  be  the  meridian  of  the  place  of  observation,  P  the 
pole,  Z  the  zenith,  AMB  a  small  circle  parallel  to  the  horizon, 
ANB  the  parallel  described  by  a  star  in  its  diurnal  motion,  and 
cutting  the  former  circle  in  A  and  B.    If  ZA  is  found  by  obser- 
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vation  eqaal  to  ZB,  then,  since  FZ  is  constant,  if  the  polar  dis- 
tanoe,  PA,  does  not  change,  the  two  triangles,  FZIA,  PZB,  will  be 
mutnaUy  equilateral,  and,  consequently,  the  angle  ZPA=ZPB ; 
that  is,  the  hour  angle  of  a  star 
firom  the  meridian  is  the  same 
for  equal  altitudes  on  the  east 
and  west  sides  of  the  meridian ; 
and  this  is  the  case  with  all 
the  fixed  stars,  but  not  with 
the  sun.  Suppose  the  polar 
distance  of  the  sun  has  di- 
minished during  the  interval, 
then,  when  the  western  hour 
angle,  ZPB,  is  equal  to  the  east- 
em,  ZPA,  the  sun  will  be  at  B^, 
nearer  to  the  zenith;  and  when 
the  sun  reaches  the  circle  AMB  at  C,  the*hour  angle  ZPC  will 
be  greater  than  the  hour  angle  ZPA  or  ZPB. 

It  is  necessary,  then,  to  compute  the  angle  BPC. 

Put  0=the  latitude  of  the  place;  d=tiie  declination  of  the 
sun  when  on  the  meridian ;  d6=:iiie  increase  of  declination  from 
the  meridian  to  the  afternoon  observation;  P=:the  hour  angle 
from  the  meridian,  supposing  no  change  in  the  declination ; 
£2P=the  increase  of  the  hour  angle  in  time  caused  by  the  change 
of  declination ;  and  Z=the  observed  zenith  distance. 

Now,  in  the  triangle  APZ,  Trig.,  Art.  225, 

cos.  AZ=cos.  PZ  COS.  AP+sin.  PZ  sin.  AP  cos.  APZ, 
or        COS.  Z=sin.  ^  sin.  d+cos.  ^  cos.  6  cos.  P (1) 

Also,  in  the  triangle  CPZ, 

cos.  CZ=ooe.  PZ  cos.  CP+sin.  PZ  sin.  CP  cos.  CPZ, 
or    cos.  Z=:sin.  0  sm.  (d+d6)+co&.  tp  cos.  (6+d6)  oos.(P+cfP) 
=sin.  ^  sin.  d  cos.  dS+sisx.  ^  cos.  6  sin.  d6 
+COS.  if>  (cos.  6  COS.  £&^— sin.  6  sin.  dd)  (cos.  P  cos.  dP 
—sin.  P  sin.  rfP). 

But  since  the  variations  of  6  and  P,  in  the  present  case,  are 
necessarily  small,  we  may  put 
cos.d<J=l;  cos.rfP=l;  sin.cW=^sin-r';  sin.dP=15ciPsin.l^ 

Therefore, 
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COS.  Z=sin.  ip  sin.  6+dd  sin.  1^^  sin.  ^  cos.  (5+cos.  tp  cos.  (5  cos.  F 
^dS  sin.  1^^  cos.  ^  sin.  d  cos.  F 
— 15rfF  sin.  V^  cos.  ^  cos.  <J  sin.  F. 

Hence,  by  equation  (1), 
0=dd  sin.  ^  COS.  6—d6  cos.  ^  sin.  d  cos.  P 
—  15rfF  COS.  <l>  COS.  <J  sin.  P. 

Whence 
rp^dS  sin.  0  COS.  d-~d6  cos.  ^  sin.  <J  cos.P 
~~  15  COS.  0  COS.  6  sin.  P  * 

or  rfP=:p=(tang.  ^  cosec.  P— teng.  d  cot  P) (2) 

Id 

which  is  the  correction  to  be  applied  to  the  mean  of  the  times 

observed. 

If  the  sun's  motion  in  declination  is  northward,  this  correction 

is  to  be  subtracted  from  the  mean  of  the  times  observed ;  if  the 

motion  is  southward,  it  must  be  added. 

Ex,  1.  At  a  place  in  Lat.  54^  2(y  N.,  the  sun  was  found  to 
have  equal  altitudes  at  8h.  59m.  4s.  A.M.  and  at  3h.  Om.  40s.  P.M. 
It  is  required  to  find  the  time  of  noon,  the  declination  of  the  sun 
being  19^  48^  29^^  N.,  and  the  decrease  of  declination  between 
the  two  observations  being  192^^ 

By  equation  (2), 

tang.  0=0.14406  tang.  c5=9.55652 

cosec.  F = 0.14900  cot.  P = 9.99697 

^=6.4=0.80618                                ^=0.80618 
15  15    

12.57s.  =  1.09924  2.29s. = 0.35967 

Hence  12.57 -2.29= 10.28s. =rfP. 

This  correction  is  to  be  added  to  the  mean  of  the  times  ob- 
served, because  the  sun's  motion  was  southward. 

The  mean  of  the  observed  times  is  llh.  59m.  52s. ;  therefore 
the  time  of  apparent  noon  was  Oh.  Om.  2.28s.,  or  the  clock  was 
2.28s.  too  £eist  by  apparent  time. 

(165.)  In  order  to  feicilitate  the  preceding  computations,  vari- 
ous tables  have  been  devised,  but  the  one  which  has  been  chiefly 
used  was  first  proposed  by  Grauss.  Table  XI.  is  from  the  Amer- 
ican  Nautical  Almanac  for  1856,  and  was  furnished  by  Professor 
Chauvenet.     It  differs  firom  the  table  of  G-auss  only  in  using  the 
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hourly  change  of  the  sun's  declination  instead  of  twioe  the  diedly 
change.     This  table  was  constructed  as  follows : 

Put  T=:the  interval  of  time  between  the  morning  and  after- 
noon observations,  expressed  in  hours. 
^=the  hourly  change  of  the  sun's  declination. 
Then,  since  dd  represents  the  increase  of  declination  from  the  * 
meridian  to  the  afternoon  observation,  we  shall  have 

d6=iiiT. 
And  since  P  represents  the  hour  angle  from  the  meridian  ex- 
pressed in  arc,  we  shall  have 

P=7JT. 
Hence  the  correction  to  be  added  to  the  mean  of  the  times 
observed  to  obtain  the  time  of  apparent  noon  is 
_  __  f*T  tang.  0       juT  tang.  6 
^""     30  sin.  7iT     30  tang.  7iT' 

or       x=:  -^  tang.  ^3^  J  ^^^+1^  tang.  6^  ^  ^^^. 

Let  us  make 

T  T 

^"30  sin.  7iT'  "^^  ^=30tang.7iT' 
and  we  shall  have 

x=  — A/i  tang.  <l>+Bfi  tang.  6. 
Table  XI.  furnishes  the  values  of  A  and  B  for  all  values  of  T 
from  2  hours  to  24  hours.     The  following  is  the  method  of  com- 
putingAandB: 
Let  T =2  hours. 
7iT=15o  8UL=9.4130  7iT=15o  tang.=9.4280 

30=1.4771  30=1.4771 

0.8901  ,        0.9051 

2=0.3010  2=0.3010 

log.  A=9.4109  .  log.  B=9.3959 

which  are  the  values  of  log.  A  and  log.  B,  given  in  the  table  for 
an  interval  of  2  hours ;  and  in  the  same  manner  were  the  other 
numbers  computed.  If  we  employ  the  numbers  of  this  table, 
the  computation  of  Ex.  1  will  proceed  as  follows : 

The  interval  of  time  between  the  morning  and  afternoon  ob- 
servations being  6h.  Im.  36s.,  we  have,  by  Table  XI.,  log.  A= 
9.4520,  and  kg.  B= 9.2999;  and  by  the  Nautical  Almanac, 
fi=z  —31^^.85.    The  operation,  therefore,  mil  stand  thus : 

I 


130 


Practical  Astronomy. 


log.  A=9.4520 
/i=- 31.85 =1.6031» 
tang.  <^= 0.1441 


log.  B= 95999 
^= -31.85= 1.6031« 
tang.  cJ= 9.6666 


-  12.67s.  =  1.0992n  ~259s. =0.3595» 

Hence  a;= 12.57—2.29= 10.28,  the  same  correction  as  found 
^n  page  128. 

The  following  rule  for  the  signs  of  the  two  terms  of  the  cor- 
rection for  equal  altitudes  may  be  found  convenient : 

The  sign  of  the  first  term  is  positive  from  the  summer  to  the 
winter  solstice,  and  negative  from  the  winter  to  the  summer 
solstice. 

The  sign  of  the  second  term  is  positive  from  the  equinoxes  to 
the  solstices,  and  negative  from  the  solstices  to  the  equinoxes. 

(166.)  The  foUowing  is  the  most  convenient  mode  of  taking 
these  observations.  Having  brought  the  lower  Umb  of  the  sun, 
as  seen  reflected  from  the  sextant  mirror,  into  approximate  con- 
tact with  the  upper  limb,  as  seen  reflected  from  the  mercury, 
move  the  vernier  forward,  and  set  the  zero  to  coincide  with  some 
convenient  division  upon  the  limb.  Wait  for  the  instant  of  con- 
tact, and  note  the  time  by  the  chronometer.  Move  the  vernier 
forward  10'  or  20^,  and  note  the  instant  of  contact  as  before, 
making  the  successive  observations  at  equal  intervals  of  10^  or 
20^.  It  is  by  no  means  necessary  that  the  sextant  should  indi- 
cate the  true  altitude  of  the  body,  for  it  is  the  peculiar  excel- 
lence of  this  method  that  it  merely  requires  the  observations  to 
be  made  at  the  same  altitude  on  both  sides  of  the  meridian. 

Ex,  2.  At  Pembma,  in  Lat.  48^  68'  34-^^  the  following  double 
altitudes  of  the  sun's  upper  limb  were  observed  August  22d, 
1849 : 


A>M. 

Double  AlUtudm. 

P.M. 

h.  fn,     t. 

O               f               tf 

A«           #Ma                  9m 

9  0  50 

78  36  45 

2  33  55 

9  1  55 

78  53  45 

2  32  47 

9  3  14 

79  14  15 

2  31  35 

9  4  25 

79  32  30 

2  30  28 

9  5    9 

79  43  45 

2  29  23 

9  6    8 

80    2  15 

2  28  40 

9  6  48 

80  10  45 

2  28    2 

9  8  12 

80  34  45 

2  26  40 

It  is  required  to  find  the  error  of  the  chronometer,  the  dedif 
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nation  of  the  sun  being  11°  39'  44^'  N.,  and  the  hourly  decrease 
of  declination  being  5(K^77. 

When  we  have  a  number  of  observations  made  at  short  inter- 
vals of  time,  as  in  the  present  instance,  it  is  most  convenient  to 
take  the  average  of  all  the  morning  observations,  which  in  the 
present  case  is  9h.  4m.  35.1s. ;  and  also  the  average  of  the  even- 
ing observations,  which  in  the  present  case  is  2h.  30m.  11.2s., 
and  regard  them  as  constituting  one  complete  observation.  The 
mean  of  these  times  is  llh.  47m.  23.15s. ;  the  correction  of  the 
hour  angle  is  found  to  be  13.98s.  Therefore  the  time  of  appar- 
ent noon  was  llh.  47m.  37.13s.,  or  the  chronometer  was  slow 
by  apparent  time  12m.  22.87s. 

Ex,  3.  It  is  required  to  find  the  error  of  the  chronometer  from 
the  following  observations  of  the  sun's  lower  limb,  made  October 
Sih,  1852,  in  Lat.  30°  4'  N. ;  the  sun's  declination  at  noon,  Oc- 
tober 8th,  being  6°  7^  S.,  and  decreasing  57^^.17  per  hour. 


A«M« 

Doable  Altitudes. 

P.M. 

IL                III*               tm 

o            / 

a«    m.       t. 

21    7  27 

73    0 

2  33  59 

8  24 

20 

33    3 

9  23 

40 

32    5 

10  18 

74    0 

31    9 

11  16 

20 

30  12 

12  11 

40 

29  14 

13  11 

75    0 

28  13 

14    9 

20 

27  15 

16  10 

40 

26  15 

16    6 

76    0 

25  20 

Ans.  The  mean  of  the  observed  times  is  23h.  50m.  43.0s. ;  the 
correction  of  the  hour  angle  is  +  10.45s.  Hence  the  time  of  ap- 
parent noon  was  23h.  50m.  53.45s. ;  and  since  the  equation  of 
time  was  —12m.  34.77s.,  the  chronometer  was  3m.  28.22s.  too 
fast  by  mean  time. 

(167.)  It  frequently  happens  that  clouds  prevent  our  taking 
the  afternoon  observations  corresponding  to  the  morning  observa- 
tions ;  but  if  the  clouds  subsequently  disperse,  we  may  still  take 
a  series  of  western  altitudes,  and  wait  about  18  hours  to  observe 
the  corresponding  eastern  altitudes.  If  the  observations  are 
made  upon  a  star,  the  mean  of  the  observed  times  wilj  give  the 
time  of  passage  over  the  lower  meridian.    If  the  observations 
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are  made  upon  the  son,  the  correction  to  the  mean  of  the  ob- 
served times  will  still  be  given  by  formula  (2),  page  128.  U 
the  sun  is  moving  northward,  it  will  be  further  from  the  upper 
meridian  at  the  time  of  the  eastern  observation  than  at  the  time 
of  the  western,  that  is,  it  will  be  nearer  to  the  lower  meridian. 
Hence  the  correction  given  by  formula  (2)  must  be  added  to  the 
mean  of  the  observed  times ;  and  if  the  interval  between  the  ob- 
servations exceeds  12  hours,  B  will  be  negative,  because  cot  P 
will  be  negative.  Hence  the  correction  to  be  added  algebraical- 
ly to  the  mean  of  the  observed  times,  to  obtain  the  time  of  ap- 
parent midnight,  is 

x^=A/[i  tang.  0+Bfi  tang.  (5. 
Ex.  4.  It  is  required  to  find  the  error  of  the  chronometer  from 
the  following  observations  of  the  sun's  lower  limb,  made  Octo- 
ber 8th  and  9th,  1852,  in  latitude  30^  4'  N.,  the  sun's  declina- 
tion at  midnight  being  —  6^  19^,  and  decreasing  57^^06  per  hour. 


October  eUi,  P.M 

Double  Altitades. 

October  0th,  A.M. 

k.     m.      9. 

O                ' 

»•        Vll>        t» 

2  33  59 

73    0 

21    8  43 

33    3 

20 

9  41 

32    5 

40 

10  39 

31    9 

74    0 

11  36 

30  12 

20 

12  34 

29  14 

40 

13  31 

28  13 

75    0 

14  30 

27  15 

20 

16  28 

26  15 

40 

16  28 

25  20 

76    0 

17  26 

Ans.  The  mean  of  the  observed  times  is  llh.  51m.  22.058. ; 
the  correction  of  the  hour  angle  is  —37.12s.  Hence  the  time 
^f  apparent  midnight  was  llh.  50m.  44.93s. ;  and  since  the 
equation  of  time  was  —  12m.  42.82s.,  the  chronometer  was  3m. 
27.75s.  too  fast  by  mean  time. 
(168.)  Third  Method. — By  a  single  altitude  of  the  sun  or  a 

star. 

Let  PZH  be  the  meridian  of  the 
place  of  observation,  F  the  pole,  Z 
the  zenith,  and  S  the  place  of  die  sun 
or  star.  If  the  zenith  distance,  SZ, 
has  been  measured  and  corrected  for 
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lefiraotion,  then  in  the  spherical  triangle^  ZPS,  the  three  sides 
are  known,  viz., 

PZ=the  oo-latitade='0 ; 
ZS  =the  true  zenith  distanoe=2r; 
PS  =the  north  polar  distance  of  the  star=^(/. 
In  this  triangle  we  can  compute  the  angle  ZPS,  which  is  the 
distance  of  the  star  from  the  meridian. 
By  Trig.,  Art.  226, 

sm.  ^x=:x/^^E^^^^I^. 
^  sin.  b  sin.  c 

Put  28=^+^4-0;    • 

then  sin.  i?  ^^^[WE^^^WE^, 

^  sin.  ^  sin.  d 

Ex.  1.  At  a  plsLce  in  Lat.  25^  40'  N.,  the  sun's  correct  cen- 
tral altitude  was  found  to  be  10°  6^  27^^,  when  his  declination 
was  8°  5'  66^^  S.     What  was  his  distance  from  the  meridian  ? 
rf=  98°    5^66^"  sin.  (S-V)=9-922746 

z=  79^63^33''^  sin,  (S-rf)=9.693007 

V>=  64Q  20"    (y  cosec.  t/»=0.046117 

242°  19^  29""  cosec.  (/= 0.004353 

8=121°    9"  44""  2)  9.565223 

S-.^=  56°  49"  44""    iP=37°  18"  53"".5  sin.  =9.782612 
S-(/=  23°    3"  48""      P=74°37"47"", 

or  4h.  58m.  31.1s. = apparent  time. 
It  may  be  found  convenient  to  employ  in  our  computation  0, 
the  latitude  of  the  place,  and  6,  the  declination  of  the  star,  rath- 
er than  the  co-latitude  and  polar  distance.  For  this  purpose,  we 
have  only  to  substitute  in  the  preceding  formula  d  for  90°— rf, 
and  0  for  90°—^,  and  we  shall  obtain 


.       _.         /  sui. 
SUL  iP  = 


z+{<l>^d)' 


xsm. 


>-(^-cJ) 


COS.  <l>  COS.  d 

Ex,  2.  At  a  place  in  Lat.  52°  13"  26""  N.,  at  3h.  21m.  13.4s. 
P.M.  by  the  dock,  the  corrected  zenith  distance  of  the  sun's  cen- 
tre was  found  to  be  75°  16"  15"",  when  his  declination  was  9° 
33^  30""  S.     Required  the  correction  of  the  clock. 
'   Ans.  The  true  hour  angle  was  3h.  21m.  22.7s. ;  hence  the 
clock  was  9.3s.  slow. 
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Ex.  3.  On  the  4th  of  March,  1860,  at  13h.  16m.  45.12s.  by 
t^ie  sidereal  clock,  the  zenith  distance  of  a  LyrsB  was  observed 
at  Greenwich  to  be  64°  16'  14'^68 ;  it  is  required  to  determine 
the  error  of  the  clock,  supposing  the  star's  R.  A.  to  be  ISh.  31m. 
60.84s.,  and  its  declination  38°  38^  39'^4  N. 

Ans,  The  clock  was  slow  19.64s. 

Ex,  4.  The  following  double  altitudes  of  the  sun's  upper  limb 
w«e  observed  August  29, 1849,  in  Lat.  48°  IT  N. : 


Times. 

Double  Altitudes. 

A*            WK«         •■ 

O               f                t* 

8  58  58 

78    7  45 

9    0  15 

78  27  10 

9    1  14 

78  45  45 

9    2  10 

78  57  30 

9    3    5 

79  12  30 

9    4  39 

79  35  45 

9    5  54 

80  64  45 

9    6  41 

80    8  45 

9    7  37 

80  21  15 

9    8  25 

80  37  15 

It  is  required  to  determine  the  error  of  the  chronometer,  the 
sun's  declination  being  9°  16'  20^^"  N.,  and  his  semi-diameter 
15''  62".  Ans,  The  chronometer  was  slow  23m.  4.44s. 

The  most  favorable  opportunity  for  determining  the  time  from 
altitudes  of  the  sun  or  a  star  is  when  it  rises  or  £Edls  most  rap- 
idly. This  happens  when  the  sun  or  star  is  passing  the  prime 
vertical ;  that  is,  when  it  is  nearly  east  or  west.  The  sun's  al- 
titude should  not  be  less  than  10  degrees,  on  account  of  the  ir- 
regular re&action  near  the  horizon.  In  general,  two  or  three 
hours  from  the  meridian  will  be  sufficient. 

(169.)  Corollary,  By  the  same  method  we  may  compute  the 
time  at  which  the  sun's  upper  Umb  rises  or  sets,  when  allowance 
is  made  for  re&action.  The  effect  of  re&action  is  to  cause  the 
sun  to  appear  above  the  sensible  horizon  sooner  in  the  morning 
and  later  in  the  afternoon  than  he  actually  is ;  and  when  the 
sun's  upper  limb  coincides  with  the  horizon,  the.  centre  is  about 
16'  below.  At  the  instant,  therefore,  of  sunrise  or  sunset,  his 
centre  is  90°  60^  from  the  zenith;  the  semi-diameter  being 
about  16',  and  the  horizontal  refraction  34'. 
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Ex.  1.  Required  the  time  of  sunset  at  New  York,  Lat.  40^ 
42',  at  the  summer  solstice. 

Here         i>=z  49°  18'  sin.  (S-t/»)= 9-908141 

d=  66^32^  sin.(S-rf)=9.777444 

z=  eO^Sy  coseo.  V^=0.120254 

S = 103°  20'  coseo.  d= 0.037492 

S-V»=  54°    2'  2)  9.843331 

S-(/=  36^48'      JP=  56°36'sin.=9.921666 

P=:113°12'=7h.33m. 
Hence  the  sun  sets  at  7h.  33m.  apparent  time ;  or,  adding 
Im.  for  equation  of  time,  we  have  7h.  34m.  mean  time. 

Ex.  2.  Required  the  mean  time  of  sunset  at  New  Orleans, 
Lat  29^  58^  at  the  winter  solstice ;  mean  time  being  one  min- 
ute slow  of  apparent  time.  Ans,  5h.  5m. 

(170.)  The  preceding  methods  are  adapted  to  the  use  of  trav- 
elers and  navigators,  as  the  ohservations  may  all  be  made  with 
a  sextant.  In  fixed  observatories  the  time  is  habitually  found 
by  a  transit  instrument,  which  is  the  most  accurate  method 
known,  as  well  as  the  most  convenient. 

Fourth  Method. — To  determine  time  by  the  transit  instru^ 
ment. 

The  instant  of  the  sun's- passing  the  meridian  is  the  time  of 
a{^)arent  noon ;  and  hence,  if  we  compare  the  sun's  passage  over 
the  meridian  with  a  chronometer,  we  shall  obtain  the  deviation 
of  the  chronometer  from  apparent  solar  time.  If  to  this  we 
apply  the  equation  of  time  with  its  proper  sign,  we  shall  obtain 
the  error  of  the  chronometer  in  mean  time. 

Ex.  1.  The  sun  was  observed  to  pass  the  meridian  at  llh. 
59m.  18.7s.  by  chronometer,  the  equation  of  time  being  +  13m. 
22.58.    Required  the  error  of  the  chronometer. 

Ans.    bm.  41.3s.  slow  for  apparent  time ; 
14m.    3.8s.  slow  for  mean  time. 
Ex.H.  Thie  sun  was  observed  to  pass  the  meridian  at  llh. 
56m.  12.21s.  by  chronometer ;  the  equation  of  time  being— 3m. 
56.26s.     Required  the  error  of  the  chronometer. 

Ans.  3m.  47.79s.  slow  for  apparent  time ; 
Om.    8.47s.  fast  for  mean  time. 
In  a  fixed  observatory  it  is  most  convenient  for  ordinary  pur- 
poses to  employ  sidereal  time.     The  enor  of  a  sidereal  clock  or 
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ohroRometer  is  found  in  the  manner  already  explained,  except 
that  we  must  know  the  right  ascension  of  the  object  observed. 
The  right  ascension  of  the  sun  and  100  fixed  stars  is  given  for 
every  day  of  the  year,  in  both  the  English  and  American  Nau- 
tical Almanacs ;  and  the  right  ascensign  of  1500  stars  is  given 
in  the  catalogue  at  the  close  of  this  volume. 

Ex.  3.  The  star  Rigel  was  observed  to  pass  the  meridian  of 
Greenwich,  February  6,  1851,  at  5h.  6m.  35.41s.  by  a  sidereal 
clock,  the  star's  right  ascension  being  5h.  7m.  23.97s.  Required 
the  error  of  the  clock.  Ans.  47.56s.  slow. 

Ex.  4.  The  sun's  centre  passed  the  meridian  of  Grreenwich, 
May  15, 1851,  at  3h.  25m.  35.17s.  by  the  sidereal  clock,  the  sun's 
right  ascension  being  3h.  26m.  33.78s.  Required  the  error  of 
the  clock.  Ans.  58.61s.  slow. 

(171.)  The  error  of  the  clock  may  be  deduced  from  the  tran- 
sit of  any  star  whose  right  ascension  is  known ;  but  liie  places 
of  all  stars  contained  in  the  catalogues  are  not  equally  well  de- 
termined ;  and  it  is  obviously  proper  that  the  stars  whose  places 
^re  best  determined  should  be  preferred  for  this  purpose.  The 
places  of  the  100  stars  in  the  Nautical  Almanac  are  considered 
to  be  better  known  than  any  others.  At  the  G-reenwich  Obser- 
vatory, the  error  of  the  clock  is  determined  exclusively  by  the 
Nautical  Almanac  stars ;  and  only  those  are  used  whose  decli- 
nation is  less  than  40  degrees. 

At  the  Oxford  Observatory,  the  stars  used  for  finding  the  clock 
error  are  chiefly  the  Nautical  Almanac  stars,  but  occasionally 
other  stars  are  employed. 

At  the  Edinburgh  Observatory,  only  Nautical  Almanac  stars 
are  used  for  determining  the  correction  of  the  clock,  and  of  this 
list  only  those  are  employed  whose  places  are  considered  to  be 
best  determined. 


CHAPTER  VI. 

LATITUDE. 

« 

(172.)  The  latitade  of  a  place  is  equal  to  the  elevation  of  the 
pole  above  the  horizon,  and  this  altitude  could  be  easily  detenn- 
ined  if  the  pole  were  a  visible  point.  But  as  there  is  no  star 
exactly  at  the  pole,  its  position  must  be  determined  by  observa- 
tions of  stars  at  a  distance  from  it. 

FIRST    METHOD. 

By  transits  of  a  circumpolar  star  both  above  and  below 
the  pole. 

The  best  method  of  determining  the  latitude  of  a  place,  so  as 
to  be  independent  of  the  declination  of  the  star  observed,  and 
also  as  firee  as  possible  from  the  errors  of  refraction,  is  by  obser- 
vations of  a  circumpolar  star  at  the  time  of  its  upper  and  lower 
culminations.     These  observations  may  be  made  by  means  of 

a  mural  circle,  or  any  graduated  z 

circle. 

Let  HZFO  represent  a  meridian, 
HO  the  horizon  of  the  place  of  ob- 
servation, P  the  place  of  the  pole, 
and  ABGD  the  circle  described  by 
a  circumpolar  star  in  its  diurnal  motion.  The  elevation  of  the 
pole  PO  is  equal  to  half  the  sum  of  AO  and  CO,  corrected  for 
refraction. 

Let  A  and  Af  represent  the  altitudes  of  a  circumpolar  star  at 
its  upper  and  lower  culminations ;  also,  let  r  and  /  be  the  re- 
fractions corresponding  to  these  altitudes  ;  then 

^=i(A+A'-r-r'), 
both  altitudes  being  measured  from  the  north  horizon. 

If  zenith  distances  instead  of  altitudes  are  observed,  the  co- 
latitode  will  be, 

'0=9O<>-0=i(Z+Z'+r+r'). 

The  refraotito  is  derived  from  Table  YIIL 
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Examples,  The  following  observations  were  made  at  Grreen- 
wich  Observatory : 

Polaris,  May  9,  1851. 

OhmsrrtA  AltitndB.  Reftvction.  Tme  Altttode. 

Lower  culmination,  50°   (T  8^^49-  48^^08=  490  59^20^^41 
Upper  culmination,  52o68^38''^31-  42"M6=  52Q57^^6M5 

Sum       =102o57a6^^56 
Latitude  =  51°  28' 38^^28 
6  UrssB  Minoris,  January  22,  1851. 

Lower  culmination,  48°   5a8'^60-  53^^80=  48°   4' 24-^^80 
Upper  culmination,  54^53' 33^^22-  42''A9=  54Q52'50"r»73 

Sum       =1020  67^5^^53 
Latitude  =  51°  28' 37^^77' 
P  Cephei,  March  17,  1847. 

Low. ouhnination,  3lo23'32''.85-r35^'.22=  3lo2r57''.63 
Upp.  culmination,  71^  35'36'^53-0'  iy'.22=  7lQ35a7''.31 

Sum       =102o57a4''.94 
Latitude=  51°  28' 37''.47 
a  Cephei,  March  17,  1847. 

Low.  culmination,  23°  27'   6".03-2'13".53=  23o24'52".50 
Upp.  culmination,  79°  32'33'^71-0'  10".66=  79Q32'23".05 

Sum       =  102°  57'  15".5o 
Latitude=  5lo28'37".77 
Capella,  June  14, 1837. 

Low.  culmination,    7^25'  0".72-6'52".78=     7^18'  7".94 
Upp,  culmination,  95^39'  2".42+       5".49=  95°  39'  7".91 

Sum       =102o57'15".85 
Latitude  =  51^28' 37^^92 

As  the  refraction  for  the  last  star  is  large,  the  result  of  that 
observation  is  less  reliable  than  the  others.  Those  stars  are  ac- 
cordingly to  be  preferred  whose  polar  distance  is  the  least. 

SECOND    METHOD. 

(173.)  By  simple  meridian  alti* 
tudes. 

Let  PZH  represent  the  meridian 
of  the  place  of  observation,  HO  the 
horizon,  Z  the  zenith,  P  the  place  of 
the  pole,  EQ  the  equator,  S  or  S^  a 
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star  on  the  meridian,  SE  or  S^E  its  declination  (d),  SP  or  ST  its 
distance  from  the  pole  (d),  which  is  the  complement  of  d ;  the 
arc  EH  is  the  complement  of  the  latitude  (0),  or  90°— <^. 

"We  measure  the  altitude  (A)  of  the  object  S  or  S^,  or  its  zenith 
distance  (Z),  and  correct  it  for  refraction  and  parallax,  if  the 
parallax  is  appreciable.     Then  it  is  evident  that 

EH=SH-SE  =  Sai+S''E. 

These  two  equations  are  included  in  the  same  expression  by 
regarding  the  declination  negative  when  it  is  south  of  the  equa- 
tor.    Thus, 

90<^-^=A-<J,* 
or  ^=90o  +  d-A. 

But  Z  =  9d°-A. 

Hence  ^=d+Z, 

for  staiB  which  culminate  south  of  the  zenith,  where  d  must  have 
the  negative  sign  when  the  declination  is  south. 

If  the  star  passes  the  meridian  between  the  north  pole  and 
the  zenith,  as,  for  example,  at  B,  then  we  shall  have 

PO=BO-BP; 
that  is, 

0=A— rf. 

But  A=90o-Z,  and  d  =90o-d. 

Hence  0=d— Z. 

If  the  star  passes  the  meridian  below  the  north  pole,  then  we 
shall  have 

PO=CO+PC; 
that  is,  ^=A+ci=180o-d-Z. 

Hence  we  shall  have 

4>=d+Z  if  the  observations  be  made  to  the  south ; 

^=:d— Z  if  to  the  north,  above  the  pole ; 

^=180°— (d+Z)  if  to  the  north,  below  the  pole. 

The  following  observations  were  made  at  Grreenwich  in  1861 : 

Stars  South  of  the  Zenith. 
Fehrnary  10,  1861. 

Oteerred  Zenith  Distance.         Refrartion.  Trne  Zenith  BIstanee. 

Pollux 230    6^24'"'.06+     26^^80=     23°    6M9^^86 

Star's  declination=     28^  22^  47^^70 
Latitude  =     61°  28'  37'"'.55 
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July  10, 1861. 

ObMTvwl  Zenith  Distance.     Refrutioo.  Trao  Zenith  Diatanee. 

Antares  .  .  .  .  77°  3(y  lr^54+4'  15''.48=     77°  34^  27^^02 

Star's  deoliiiation=  -26Q    5^  48^^50 
Latitude  =     61°  28''  38^^52 

June  30,  1851. 

Sun.  Observed  zenith  distance  of  upper  limb,     27°  59^  39^^63 

semi-diameter,    +15'' 46^^05 

refraction,  +29"'.49 

parallax,  ->3"^93 

true  zenith  distance  of  centre  =     28°  15'  51^^.14 

Sun's  declination  =  +23°  12'  47^^30 

Latitude  =     51°  28'  38'".44 

The  method  of  computing  the  sun's  parallax  will  be  explained 

in  Article  206. 

Star  North  of  the  Zenith^  and  above  the  Pole. 
June  29,  1851. 

Ohaeired  Zenith  Diatanoe.   ReAraction.  Troe  Zenith  Diatanee. 

a  Ursffi  Majoris,      IP    4' 39".01  +  10"96=     IP    4' 49."97 

Star's  declination  =  +62°  33'  26".69 
Latitude  =     61°  28'  36".72 

Star  below  the  Pole. 
January  27, 1851. 

Obaenred  2tenlth  Distance.       Refraction.  Tree  Zenith  Diatanoe. 

0  Urs8B  Minoris,  53°  44'  24".60+l'  20".69=  53°  45'  45".29 

Star's  declination  =  74°  45' 37".79 
Sum  =128°  31'  23".08 
Latitude  =  51°  28'  36".92 

THIRD  BIETHOD. 

(174.)  By  circum-meridian  altitudes, ' 

The  preceding  method  gives  but  one  value  of  the  latitude,  be- 
cause the  star  can  only  be  observed  at  the  instant  when  it  crosses 
the  meridian.  But  where  the  observei'  is  furnished  with  an  al- 
titude and  azimuth  instrument,  a  repeating  circle  or  sextant,  we 
may  render  any  number  of  observations  made  on  each  side  of 
the  meridian,  and  at  a  short  distance  from  it,  equal  in  accuracy 
to  those  which  are  made  at  the  moment  of  culmination.    For 
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this  purpose,  we  must  know  the  distance  (in  time)  of  the  star 
from  the  meridian  at  the  instant  of  each  observation,  and  we 
can  compute  the  correction  which  ought  to  be  applied  to  the 
zenith  distance  observed. 

Let  F  be  the  pole,  Z  the  zenith 
of  the  place  of  observation,  PZM  a 
meridian,  S  a  star  near  to  the  me- 
ridian, M  the  point  where  this  star 
crosses  the  meridian,  and  PS  an 
hour  circle  passing  through  the  star. 
Suppose  the  zenith  distance,  ZS,  of  the  star  has  been  measured, 
and  corrected  for  refraction,  and  also  for  parallax,  when  the  sun 
or  a  planet  has  been  observed ;  it  is  required  to  compute  the 
zenith  distance,  ZH,  of  the  star  when  on  the  meridian.  Now 
from  the  figure  we  perceive  that 

PS=90o-<J, 
PZ= 90^-0, 
ZM=PM-PZ=^~<J=(Z), 
the  zenith  distance  of  the  star  on  the  meridian. 

With  Z  as  a  centre,  describe  the  arc  SN,  and  the  point  N  will 
*  be  at  the  same  altitude  as  S.     It  is  required  to  compute  MN=::r, 
the  quantity  which  the  star  must  rise  from  S,  before  it  reaches 
the  meridian. 

By  Trig.,  Art  225, 

COS.  a=cos.  b  cos.  c+sin.  b  sin.  c  cos.  A. 
But  COS.  A = 1  -  2  sin.  ^  A.     Trig.,  Art.  74. 

Hence 

006.  a=oos.  b  COS.  c+sin.  b  sin.  c— 2  sin.  b  sin.  c  sin.  ^j|A. 
Also,  COS.  b  COS.  c+sin.  b  sin.  c=cos.  (6— c).     Trig.,  Art.  72. 
Hence  cos.  a=cos.  (6^c)— 2  sin.  b  sin.  c  sin.  ^^A.     . 
Applying  this  formula  to  the  triangle  PZS,  and  representing 
the  angle  ZPS  by  P,  we  have 

cos.  ZS=oos.  (PS-PZ)-2  sin.  PZ  sin.  PS  sin.  ^V 

=008.  Z— 2  COS.  ^  cos.  d  sin.  ^^P (1) 

But  ZS=ZH+a;. 

Hence 

cos.  ZS=cos.  ZM  COS.  x— sin.  ZH  sin.  x.     Trig.,  Art.  72. 
Bail  since  x  is  supposed  to  be  a  small  arc,  "Vf  e  may  put 

x=8in«x, 
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and  008.  x=:l— -^+,etc.     GalooluB,  p.  174. 

Henoe  we  obtain 

COS.  ZS=oos.  ZM(1— — +,  etc.)— a;  sin.  ZM 

=008.  Z— Jx^oos.  Ia—x  sin.  Z. 

Therefore  equation  (1)  becomes 
COS.  Ta—^7?  cos.  Z— X  sin.  Z=co3.  Z— 2  cos.  0  cos.  6  sin.  *iP, 
or  j^r'  COS.  Z+x  sin.  Z=2  cos.  0  cos.  (5  sin.  ^^P  .  .  (2) 

If  we  neglect  the  term  containing  x^,  and  suppose  x  to  be  ex- 
pressed in  seconds,  we  shall  have 

_2  sin.  ^^P  cos.  0  008.  6 

""      .  sin.  V^  sin.  Z        ' 
which  formula  is  sufficiently  accurate,  when  the  hour  angle  does 
not  exceed  ten  minutes.     If  a  further  approximation  is  required, 
it  may  be  obtained  as  follows : 

Divide  equation  (2)  by  sin.  Z,  and  we  obtain 

.12        X    rr       2  sin.  ^^P  COS.  0  COS.  d 
X-\-\7?  cot.  Z  = =-, =-i- . 

sm.  Z 
Represent  the  second  member  of  this  equation  by  B,  and 
J  cot.  Z  by  A,  then  a;+Ax^=B, 

or  a;=B— Aa?. 

But  B  is  the  approximate  value  of  x  before  found ;  hence,  for 
a  second  approximation,  we  shall  have 

a;=B-AB»; 
or,  supposing  x  to  be  expressed  in  seconds, 

__2  sin.  *iP  COS.  0  COS.  d    /sin.  *iP  cos.  ^  cos.  dV  2  cot.  Z      ,«. 
^  sin.  V  sin.  Z  V  ^^Z  /   sin.  V   '  ^  ' 

which  is  the  correction  to  be  subtracted  from  the  zenith  distan- 
ces observed  near  the  meridian,  for  an  upper  culmination,  in  or- 
der to  obtain  the  true  meridional  zenith  distance. 

Ex,  1.  On  the  23d  of  February,  1850,  the  zenith  distance  of 
a  Orionis  was  observed  at  Greenwich,  20m.  26.25s.  before  com- 
ing to  the  meridian,  to  be  44^  18^  SO^^'.Sl,  the  declination  of  the 
star  being  7^  22'  14'''.74  N.  Required  the  reduction  to  the  me- 
ridian and  the  resulting  latitude. 

Here  P=:  20m.  •26.25s.;  therefore  iP=lQm.  13.128.,  which, 
reduced  to  arc,  is  2°  33'  16''.9. 
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sin.        2°  33'  16'^9= 8.649071 

8.649071  w»=4.4926 

008.0,51^28^38^'    =9.794366  cot.  2r= 0.0135 

008.  <y,    7^22^15'''    =9.996396  2  oosec.  l''=5.6155 

00860.^,44°    6^23''    =0.157394  1^^32=0.1216 

m= 7.246298 

2ooseo.V'      =5.615455 

727".37= 2.861753 

Therefore 

X = 727^^37  - 1'^32 = 726^^05. 

Henoe  we  have 

Observed  zenith  distance  =44°  18'  30''.31 
Beduotion  to  the  meridian  =  —12'  6".05 
Correoted  zenith  distance  =44°  ~  6^4^26 
Star's  declination  =  7°  22'  14".74 

Latitude  =51°  WW\^ 

(175.)  To  diminish  the  labor  of  these  reductions,  Table  X.  has 

2  sin  *iP 
been  computed,  in  which  Part  I.  gives  the  value  of  — .   '  ^    ; 

sm.  1" 
and  the  argument  of  the  table  is  the  distance  (in  time)  of  the 
star  from  the  meridian.     This  value  (or  the  sum  of  those  values 
divided  by  the  number  of  observations,  if  more  than  one  observa- 
tion has  been  made)  must  be  multiplied  by  —  .        '    .     Part 

sm.  Z 

2  sin  *iP 
II.  of  the  table  contains  the  value  of  — .  — ^-;-,  which  must  be 

sm.  1" 

multiplied  by  I  — *.        '    I  cot.  Z.     This  second  correction  may 

generally  be  omitted  when  the  distance  from  the  meridian  does 
not  exceed  ten  minutes. 

Ex.  2.  The  following  observations  of  Polaris  at  its  upper  cul- 
mination were  made  at  Washington  Observatory,  November  25, 
1845,  the  altitude  of  the  star  having  been  observed  at  each  vert- 
ical wire  of  the  mural  circle.  In  the  following  table,  oolunm 
first  shows  the  wire  at  which  the  observation  was  made,  column 
second  shows  the  hour  angle  of  the  star  firom  the  meridian,  and 
column  third  shows  the  observed  zenith  distances  oooreoted  fixr 
error  of  runs: 
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Wire. 

Hour  angles. 

Zenith  Distances. 

Table  X. 

1 

m.         «. 

29  25.5 

49  35  27.92 

1697.65 

2 

19  34.5 

35    2.86 

751.95 

3 

9  49.5 

34  48.12 

189.60 

4 

0  13.5 

34  43.74 

0.10 

5 

9  33.5 

34  48.27 

179.35 

6 

19  13.5 

35    2.56 

725.25 

7 

29    0.5 

35  28.07 

1649.95 

Means 

49  35    3.07 

741.96 

Column  fourth  contains  the  numbers  from  Table  X.  oorre- 
spending  to  the  hour  angles  in  column  second.  The  mean  of 
these  numbers  is  741^^96.  The  reduction  to  the  meridian  is 
then  computed  as  follows : 

741^^96=2.87038 

COS.  ^,  38°  53'  39^^=9.89115 

COS.  <5,  88°  29^  34^^=8.42000 

cosec.  z,  49°  35'  55''=0.11832 

Reduction = 19''.95 = 1.29986 

The  latitude  will  then  be  obtained  as>  follows : 

Mean  of  observed  zenith  distances=49o  35^    3''.07 


Reduction  to  the  meridian 

Refraction 

Corrected  zenith  distance 

Star's  declination 

Latitude 


=  - 19^^.95 

=  +  1'  11''.08 
=49°  35^  54''.20 
=88°  29'  34".15 


=38°  63'  39".95 
(176.)  In  the  preceding  reductions  it  is  necessary  to  know  the 
distance  (in  time)  of  the  sun  or  star  firom  the  meridian,  or  the 
hour  angles,'  at  the  moment  of  each  observation.  These  hour 
angles  are  determined  by  the  chroncnneter ;  and  it  is  desirable 
that  its  motion  should  correspond  to  that  of  the  object  observed ; 
ihat  is,  if  the  sun  be  the  object,  the  chronometer  should  be  ad- 
justed to  mean  solar  time ;  and  if  a  star  be  the  object,  the  chro- 
nometer should  be  adjusted  to  sidereal  time.  This,  however,  is 
not  necessary,  since  a  correction  may  be  readily  applied  so  as  to 
reduce  the  rate  either  from  mean  solar  to  sidereal,  or  firom  si- 
dereal to  mean  solar  time.  A  further  correction  is  also  necessary 
in  all  cases  where  the  chronometer  has  a  gaining  or  a  losing  rate 
on  either  mean  solar  or  sidereal  time.  This  correction  is  oV 
tained  in  the  following  manner : 
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If  the  clook  in  24  hoiurs  loses  r  seconds,  then,  instead  of  86400 
beats  in  a  day,  it  will  make  only  86400— r.  The  tme  value  of 
an  hour  angle,  P,  noted  by  such  a  clock,  is 

p   86400  /  r       \ 

86400-r'  ""^  X    86400-rJ' 
that  is,  the  observed  hour  angle  should  be  multiplied  by  the 
fEustor 

^86400-r* 
The  principal  term  of  formula  (3)  for  the  reduction  on  page 
142  contains  the  £Eictor  din.  ^^P,  which  must  therefore  be  mul- 
tiplied by  the  square  of  the  above  factor,  which  is  nearly  equal  to 

^86400-/ 
If  the  clock  indicates  mean  solar  time,  and  we  are  observing  a 
star,  the  cldck  loses  235.909s.  in  24  hours,  when  compared  with 
the  progress  of  the  star,  and  we  must  take  r= 235.909s.,  and  the 
preceding  factor  becomes 

1.005476, 
and  its  logarithm  is 

0.0023715. 

In  a  similar  manner  we  obtain  the  correction  for  a  loss  or  gain 
of  1,  2,  3,  etc.,  seconds  per  day  of  the  chronometer.  This  cor- 
rection has  been  computed,  and  is  appended  to  Table  X.,  which 
gives  the  logarithm  of  the  factor  to  be  employed  for  a  daily  rate 
of  the  clock  or  chronometer,  amounting  to  ±  30  seconds.  The 
values  are  in  all  cases  additive.  , 

Ex.  3.  On  the  18th  of  October,  1841,  near  the  River  St.  John's, 
in  latitude  about  46°  63'  30^^^,  the  following  observations  were 
made  on  the  star  a  Ceti,  declination  3°  28""  8''.2  N.  Column 
first  shows  the  number  of  the  observation,  column  second  shows 
the  hour  angle  of  the  star  from  the  meridian,  and  column  third 
dhows  the  observed  altitude  corrected  for  the  error  of  the  sex- 
tant. The  chronometer  was  regulated  to  mean  solar  time,  and 
had  a  daily  kxsing  rate  of  2.7s. 

K 
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Ofe*. 

HoorAiiflai. 

AltitadM  obienred. 

TaUeX.                      | 

Put  I. 

Put  11. 

1 

2 
3 
4 
5 

6 
7 
8 
9 

m.        «. 

14  30.0 

10  60.2 

5    0.0 

1  59.7 

2  3.0 
5    6.5 
7  21.7 

13    7.3 
16  40.1 

46  28  45 
46  31  45 
46  34  35 
46  35  25 
46  35  30 
46  34  45 
46  33  50 
46  30    0 
46  26  35 

412.70 

230.54 

49.10 

,7.77 

8.20 

51.2S 

106.45 

337.97 

545.39 

0.41 
0.13 
0.01 
0.00 
0.00 
0.01 
0.03 
0.28 
0.72 

Means 

46  32  21.1 

194.37 

0.18 

Column  fourth  contains  the  numbers  from  Part  I.,  Table  X., 
corresponding  to  the  hour  angles  in  column  second.    Column 
fifth  contains  the  numbers  from  Part  II.,  Table  X.     The  reduc- 
tion to  the  meridian  is  then  computed  as  foUows : 
cos.  0,  460  53^  30^^=9.834662 
cos.  <5,    30  28^    8^^=9.999204 
oosec.  z,  430  25"  22^^=0.162805 


m^= 9.993 

cot.  2r= 0.023 

0.18=9.255 

0.19=9.271 


w=9.996671 

194^^37=2.288629 

On  account  of  mean  solar  time =0.002371 

On  account  of  rate  of  clock       =0.000027 

193^^95=2.287698 
Therefore       x = 193^^95-  0"M9 = 193^^76. 
Hence  we  have  the  following  results : 

Observed  zenith  distance  =43°  27"  38"".9 
Reduction  to  the  meridian  =  —3"  13"".8 
Refraction  =       +     55"".8 

Corrected  zenith  distance  =43°  25"  20"".9 
Star's  declination  =  3^  28"    8"".2 

Latitude  =46°  53"  29"".l 

(177.)  When  the  sun  is  the  object  observed,  we  must  take 
into  account  the  change,  of  declination  during  the  interval  of  the 
observations ;  for  the  observed  altitude,  corrected  in  the  manner 
before  explained,  will  not  be  equal  to  the  meridian  altitude,  but 
will  differ  from  it  by  the  change  in  the  sun's  declination.  Let 
the  change  of  the  sun's  declination  in  one  minute  of  time  be  de- 
noted by  dd,  which  is  positive  when  the  sun  is  approaching  Ihe 
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elevated  pole ;  and  if  P  is  the  sun's  hour  angle  at  the  time  of 
observation,  which  is  negative  before  the  sun  arrives  at  the  me- 
ridian and  afterward  positive,  the  whole  change  of  declination  is 
P^,  which  is  the  correction  to  be  applied  to  the  altitude  found 
by  Art.  176  to  obtain  the  true  meridian  altitude.  When  sev- 
eral observations  have  been  made,  the  mean  of  the  values  found 
by  Art  176  is  to  be  diminished  by  the  mean  of  the  values  of 
Tdd.  But  the  hour  angles  have  contrary  signs  on  opposite  sides 
of  the  meridian ;  hence,  if  we  make  E=the  sum  of  the  hour 
angles  observed  on  the  east  side  of  the  meridian,  and  W=the 
sum  of  the  hour  angles  observed  on  the  west  side,  (E~W)d(5 
will  be  the  correction  for  the  sum  of  the  observed  distances.  If 
we  make  7t= the  number  of  the  observations,  the  mean  correction 
to  be  applied  to  the  mean  of  all  the  observed  zenith  distances 
will  be 

^(E-W), 

where  E  and  W  are  expressed  in  minutes  of  time. 

Ex.  4.  At  a  station  in  Lat.  51^  32^  N.  nearly,  the  correct 
central  altitudes  of  the  sun  on  the  11th  of  March  were  determ- 
ined by  observation,  as  follows : 


Altitudes. 

Hoar  Angles. 

Br  TiU.  X. 

SPl  54  46 

m.    «. 

9  41  E. 

184.1 

65  26 

8  19  E. 

135.8 

56    8 

6  39  E. 

86.8 

56  31 

5  16  E. 

54.5 

56  53 

3  49  E. 

28.6 

57     6 

2  47  E. 

15J2 

57  18 

0  19  W. 

0.2 

57  11 

2    5  W. 

8.5 

57    3 

3    9W. 

19.5 

56  48 

4  36  W. 

41.5 

56  26 

6    8  W. 

73.9 

The  sun's  meridian  declination  was  3°  30"  38^'  S.,  and  it  was 
decreasing  at  the  rate  of  0''^.98  in  a  minute.  What  was  the  true 
latitade  ? 

Entering  Table  X.  with  the  hour  angles  given  above,  we  ob- 
tain the  values  set  down  in  the  last  colunm,  the  sum  of  which, 
being  divided  by  11,  wiU  give  58^^96 ;  whence,  by  formula  (3), 
page  142,  we  obtain  the  reduction  to  the  meridian,  44^^7. 
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The  sum  of  the  eastern  hoar  angles,  diminished  by  the  sum 
of  the  western,  and  divided  by  11,  gives  Im.  50.3s.,  which,  mul- 
tiplied by  (y\98,  gives  V.8  for  the  correction  for  change  of  dec- 
lination. 

Hence  we  have  the  following  results : 

Mean  of  the  observed  altitudes        =     34^  56'  30'^5 
Reduction  to  the  meridian  =  +44^^.7 

Correction  for  change  of  declination^     + 1''.8 

Concluded  meridian  altitude  =     34^  67'  17''.0 

Zeiiitii  distance  =     55^"    2^43'' 

Sun's  declination  =-  3^  30' 38'' 

Latitude  =    6P  32'    5"  N. 

FOURTH   METHOD. 

(178.)  By  a  single  altitude,  the  time  of  observation  being 
known. 

Let  Z  be  the  zenith  of  the  ob- 
server, P  the  pole,  8  a  star  whose 
altitude  is  measured  at  a  known 
instant  of  time.  The^,  in  the 
spherical  triangle  ZPS,  we  have 
given  PS=90o-d,  ZS=Z,  and  the 
hour  angle  ZPS,  to  find  PZ. 

From  S  let  fall  the .  perpendicular  SM  upon  PZ  produced. 
-  Then,  by  Napier's  rule,  we  shall  have 

R.  COS.  P=tang.  PM  cot.  PS=tang.  PM  tang.  6. 

Hence  tang.  PM=cos.  P  cot  6 (1) 

MZ=PM-.PZ=PM+0-9Oo. 
Also,  Trig.,  Art.  216, 

COS.  PM  :.oos.  ZM ::  cos.  PS :  cos.  ZS, 
or  COS.  PM*: sin.  (PM+0) ::  sin.  6 : cos.  Z. 

Hence  sin.  (PM+0)=*^- ^.'^^'' (2) 

sm.  o 

Equation  (1)  furnishes  the  value  of  PM,  and  equation  (2) 
furnishes  the  value  of  PM+^.  The  difference  between  these 
quantities  is  ^,  the  latitude  required. 

Ex.  1«  At  Ih.  14m.  11.68.  apparent  time,  tiie  true  altitude 
of  the  sua  was  33^  4^  3S".5,  and  his  declination  fi^' 15' 28^'.0  S. 
Required  the  latitude  of  the  place. 
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// 


Byeqnation(l),  cos.  18°  32'  54 

cot.    5°  15"  28'" 


=9.976834 
=  1.036099» 


PM=96^  32"  39""  tang.=1.012933» 
By  equation  (2), 

cos*  66°  19"  24"".5=9.743904 
008.  PM=8.985035» 
00860.  d=L037930» 
PM+0=144o  13"  28""  sin.=9.766869 
PM==  95Q  32"  39"" 
^=  48°  40"  49"" 
Ex.  2.  At  a  plaoe  in  Lat.  42°  34"  N.  nearly,  the  altitude  of 
Aldebaran  (Deo.  16°  12"  26""  N.)  was  found  by  observation  to 
be  39°  2"  10"",  when  iis  hour  angle  was  3h.  25m.  40s.    What 
was  the  latitude  of  the  plaoe  ?  Ans.  42°  34"  66"". 

Ex.  3.  At  a  place  in  Lat.  41°  26"  nearly,  the  altitude  of  Reg- 
ulus  (Deo.  12°  41"  18""  N.)  was  found  by  observation  to  be  41° 
5"  2^",  when  its  hour  angle  was  3h.  2m.  21s.  What  was  the 
latitude  of  the  place  ?  Ans.  41°  25"  47"". 

Ex.  4.  On  the  27th  of  February,  1850,  the  zenith  distance  of 
Prooyon  (Dec.  5°  36"  6"".7  N.)  was  observed  at  Grreenwioh  ia  bo 
48°  48"  34"".06,  when  its  hour  angle  from  the  ftieridian  was  Ih. 
20m.  18.13s.  It  is  required  to  deduce  the  latitude  from  this  ob- 
servation. Ans. 

This  method  is  deficient  in  accuracy  when  the  observations 
are  made  fiEur  firom  the  meridian,  because  a  small  error  in  the 
hour  angle  produces  a  large  error  in  the  computed  value  of  the 
latitude.      The  observations  should,  therefore,  al-  z 

ways  be  made  as  near  as  possible  to  the  meridian. 

FIFTH   METHOD. 

(179.)  By  observations  of  the  pole  star  at  any 
time  of  the  day. 

Let  P  be  the  pole,  Z  the  zenith,  ZPN  the  merid- 
ian of  the  plaoe  of  observation,  and  S  the  pole  star 
in  any  point  of  its  diurnal  circle,  SBS'.  Then  we 
shall  have  ZP=9Oo-0,  ZS=90o-H,  H  being  the 
observed  height  of  the  star  corrected  for  refraction. 
Represent  the  polar  distance,  PS,  by  d.  Since 
the  arc  (2  is  at  present  less  than  90",  the  sides  ZP,  ^ 
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ZS,  differ  only  by  a  small  aro,  x,  whioh  we  piopoee 
to  calonlate. 

Let     ZP-ZS=a;;  that  is,  H-0=a;, 
or  ^=H— x. 

Represent  the  hour  angle  ZPS  by  P.    The  spher- 
ica^  triangle  ZPS  famishes  by  Trig.,  Art.  225, 

cos.  ZS=oos.  PS  008.  PZ+sin.  PS  sin.  PZ  cos.  P, 
or 
8in.H=cos.rfsin.(H— a;)H-sin.rfoo8.(H— a;)co8.P. 

By  substituting  the  values  of  sin.  (H— a;),  and 
oos.  (H— x),  Trig.,  Art.  72,  and  dividing  the  whole 
equation  by  sin.  H,  we  obtain 
l=oos.  d  (oos.  X— sin.  x  cot  H) 

+sin.  d  (cos.  x  cot  H+sin.  x)  cos.  P, 
l=oos.  x  (cos.  d+sia.  d  cot  H  oos.  P) 
—sin.  X  (cos.  d  cot  H— sin.  d  cos.  P). 

Let  us  put 

a=co8.  d+sin.  d  cot.  H  cos.  P, 
b=zQos.  d  cot  H— sm.  d  cos.  P, 
and  we  have 

l=a  COS.  x—b  sin.  x 

But  by  Calculus,  Art.  228, 


or 


(1) 


«»y=l-|-+^-,eto. 


Therefore 


a=l+rf  COS.  P  cot.  H— — — —  COS.  P  cot  H+,  etc. 

2     6 

6=cot  H— rf  COS.  P— TT-  cot  H4-^  oos.  P+,  etc. 

A  O 

Let  us  now  assume 

x=Ad+Be5P+Ci/34-,etc (2) 

where  A,  B,  and  G  represent  unknown  coefficients  independent 
^id. 

Then  we  shall  have 

COS.  a;=l AB^4-,  eto. 
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siiL  z=:Ad+B(P+{c-^\p+y  etc. 

Sabstitatmg  in  equation  (1)  the  values  of  a,  i,  fidn.  z^  and 
COS.  Xy  arranging  the  terms  in  the  order  of  the  powers  of  d^  and 
retaining  all  the  terms  which  contain  the  first  three  powers  of  d^ 
vre  obtain 

1=1+008.  P  cot.  H.rf— — — —  cos.  P  cot.  H 

2     6 

_AJ^_A^  COS.  P  cot  H^ARP 


-A  cot  H.rf+A  COS.  T.d^+f^  cot.  H+RP  cos.  P 

-B  cot.  H.flP-/^C-:^cot.  H.£p. 

Since  this  equation  must  be  verified  by  any  value  of  dj  the 
terms  involving  the  same  powers  of  d  must  cancel  each  other. 
Algebra,  Art  300. 

Hence, 

First.  *  COS.  P  cot.  H— A  cot.  H=0 ;  whence  A=cos.  P. 

A* 
Second.       —  i — o"^^  ^^^'  ^""^  ^**  H=0. 

Therefiore, 

Tj     X  TT           aii    COS.  ^P     ,     COS.  ^P— 1        sin.  T 
B  cot.  H=co8.  *P g i= g = 5 — . 

sin  ^P 
Hence  B  = ^ —  tang.  H. 


•„, .  ,          COS.  P    A*  cos.  P  .  A 
Thri.      —^ j_+5. 


(c4>o. 


"Whence,  substituting  the  value  of  A  abready  found, 

3C  =  C08.  P-cos.  3P 

=:cos.  P(l-cos.  ^P) 

=cos.  P  sin.  *P. 

Therefore, 

C  =  icos.  Psin.  2p. 

Substituting  these  values  in  equation  (2),  we  obtain 
a:=rf  008.  P-i  sin.  ^P  tang.  H.£P+i  cos.  P  sin.  ^Prf^. 

In  order  that  x  and  d  may  be  expressed  in  seconds  of  arc,  we 
must  change  these  letters  into  x  sin.  V'  and  d  sin.  V ;  whence 
we  have 
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^=fi-rf  COS.  P+i  sin.  V'  {d  sin.  P)'  tang.  H 

-J  sin.  nr  (d  COS.  P)  \d  sin.  P)^ (3) 

The  last  term  of  this  equation  never  amounts  to  half  a  sec- 
ond, and  may  therefoire  generally  be  omitted. 

Ex.  1.  The  altitude  of  the  pole  star  being  found  46"^  IT  28'^ 
the  hour  angle  5h.  42m.  4.4s.  from  the  upper  culmination,  and 
the  polar  distance  1^  28^  7^^68 ;  required  the  latitude  of  the 
place. 

Computation  by  formula  (3), 

.  rf=5287'^68=3.72327         rf=:3.7233  rfcoaP=2.616 

COS.  P,  85Q  3r  6^^=8.89287  sin.P=9.9987  (rf  sin.  P)^= 7.444 

413^2=2.61614               3.7220  jsiiy  ^1^^=8.894 

3.7220  0^M= 8.954 
tang.  H,  0.0196 
i  sin.  r^=4.3845 
70^^5=1.8481 

Result, 

Observed  altitude,  H=46o  17'  28^^0 

first  correction,        =       —6'  53^^2 

second  correction,    =      +V  l(y\5 

third  correction,       =  —  O^^.l 

^Latitude  =46^  11^  45"^2 

The  computation  may  also  be  performed  by  the  formulas  of 
Art.  178. 

COS.  P=  8.892874 

cot.  <5=  8.408935 

PM=©'  63^3  tang.  =  7.301809 

sin.  H= 9.8590542 

COS.  PM= 9.9999991 

cosec.  d= 0.0001427 

PM+^=46o  18^  38^^5=9.8591960 

PM=_^^_53^ 

Latitude=46o  11^  45^^5 

The  method  of  Art.  178  is  about  as  convenient  as  the  one 
here  explained,  except  that,  when  great  accuracy  is  demanded, 
the  former  method  requires  logarithms  to  seven  places. 

Ex.  2.  The  altitude  of  the  pole  star  bemg  43<>  2'  38^^  when 
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the  hour  angle  was  76^  (y  2^^  from  the  upper  cuhuinationy  and 
its  Deo.  88°  31^  52''. 22 ;  required  the  latitude  of  the  observer. 

Ans.  42°  42"  18''^2. 
Ex.  3.  The  altitude  of  the  pole  star  being  found  39°  V  39"^ 
the  hour  angle  5h.  36m.  41s.  from  the  upper  culmination,  and 
the  polar  distance  1^  28"  7"".68 ;  required  the  latitude  of  the 
place.  Ans:  38°  63"  36"".2. 

SIXTH    METHOD. 

(180.)  By  observing  the  difference  of  the  meridional  zenith 
distances  of  two  stars  on  opposite  sides  of  the  zenith. 

If  we  select  two  stars  whose  places  are  well  known,  one  of 
which  culminates  to  the  north,  and  the  other  to  the  south  of 
the  observer,  at  nearly  the  same  distances  from  the  zenith,  and 
within  a  short  interval  of  time,  and  measure  accurately  the 
difference  of  their  zenith  distances,  the  latitude  of  the  place  of 
observation  may  thence  be  easily  deduced.  If  we  represent  the 
zenith  distance  of  the  northern  star  by  Z„,  and  that  of  the  south- 
em  star  by  Z. ;  also  the  declination  of  the  northern  star  by  d^, 
and  that  of  the  southern  star  by  d.,  then,  by  Art.  173,  we  shall 
have 

^  =  dn — Zn. 

Hence  2<j^=(J.+d„+Z,-Z«; 

that  is,  the  sum  of  the  declinations  of  the  two  stars  (which  are 
given  by  the  catalogue),  added  to  the  difference  of  their  zenith 
distances,  gives  twice  the  latitude  of  the  place. 

(181.)  The  instrument  employed  in  meeusuring  the  difference 
of  the  zenith  distances  is  called  the  Zenith  Telescope.  The 
figure  on  the  next  page  represents  iMs  instrument  in  the  form 
now  used  in  the  coast  survey  of  the  United  States. 

A,  A  are  two  of  the  feet  screws  which  support  the  entire  in- 
strument, and  by  which  the  column  carryiag  the  telescope  is 
rendered  truly  vertical. 

C,  C  is  the  horizontal  circle,  12  inches  in  diameter,  graduated 
to  10",  and  reading  to  10"",  by  means  of  its  vernier  and  micros- 
cope V. 

B  is  the  tangent  screw  for  slow  motion. 

This  circle  serves  to  mark  the  position  of  the  meridian,  when 
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it  has  onoe  been  determined,  and  likewise  enables  the  observer 
to  tarn  the  telescope  promptly  through  180^  in  azimuth. 

D  is  the  vertical  column  vehich  supports  the  telescope,  and 
about  yrhich  the  telescope  turns  freely  in  azimuth. 

E  is  a  horizontal  axis,  to  one  end  of  which  is  attached  the 
telescope,  TT,  which  is  counterpoised  by  the  weight  W,  at  the 
other  end. 

This  axis  is  hollow,  and  through  it  passes  the  light  of  the 
lamp,  H,  to  illumine  the  wires  of  the  telescope.  The  telescope 
has  a  focal  length  of  about  40  inches,  and  an  aperture  of  3  inches. 

L  is  a  level  resting  upon  the  horizontal  axis,  by  means  of 
which  the  column  D  is  rendered  truly  vertical. 

M  is  a  graduated  semicircle  attached  to  the  telescope,  and 
having  a  vernier,  N,  with  a  microscope.  This  semicircle  serves 
as  a  finder  for  setting  the  telescope  to  the  altitude  of  the  stars 
to  be  observed. 

S,  S  is  a  very  delicate  level  attached  to  the  semicircle. 

P  is  the  parallel  wire  micrometer  for  measuring  small  differ- 
ences of  altitude,  having  three  fixed  vertical,  and  two  movable 
horizontal  wires. 

K  is  the  diagonal  eye-piece,  which  is  made  of  unusual  length, 
so  that  the  micrometer  may  not  interfere  with  the  observations. 
The  eye-pieces  employed  have  a  field  of  view  of  firom  10^  to  15^. 

(182.)  Method  of  Observation. — Select  a  pair  of  stars,  the 
difference  of  whose  zenith  distances  does  not  exceed  a  convenient 
range  of  the  micrometer,  say  ten  minutes,  one  of  which  culmi- 
nates to  the  north,  and  the  other  south  of  the  zenith.  Having 
leveled  the  instrument,  set  the  telescope  to  an  altitude  midway 
between  the  two  stars,  and  bring  the  bubble  of  the  level  S  to  the 
middle  of  its  scale.  Bring  the  telescope  into  the  plane  of  the 
meridian  by  setting  the  vernier  of  the  horizontal  circle  to  the 
point  previously  determined.  As  the  first  star  enters  the  field 
of  view,  follow  its  image  with  one  of  the  horizontal  wires,  and 
bisect  it  at  the  instant  it  crosses  the  middle  vertical  wire.  Re- 
cord the  position  of  the  level  S,  noting  the  divisions  correspond- 
iDg  to  each  extremity  of  the  bubble.  Turn  the  telescope  180^ 
in  azimuth,  being  careful  to  preserve  the  same  inclination  to  the 
horizon,  and  make  a  similar  observation  upon  the  second  star. 
Inflecting  it  with  the  other  horizontal  wire. 
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A  comparison  of  the  readings  of  tbe  two  micrometer  screws 
will  give  the  difference  of  zenith  distance  of  the  two  stars,  which 
must  be  corrected  by  the  readings  of  the  level,  if  the  readings 
at  each  extremity  are  not  the  same  in  both  cases ;  and  also  for 
Ihe  difference  of  the  refractions  of  the  two  stars. 

The  stars  shoold  be  so  selected  that  their  zenith  distances 
may  be  as  small  as  practicable,  and  should  in  no  case  exceed 
25  degrees. 

The  following  observations,  made  at  Hoont  Independence, 
Maine,  one  of  the  coast  survey  stations,  September  25, 1849, 
will  illustrate  this  method.  The  pair  of  stars  employed  oon- 
sisled  of  Nos.  6983  and  6996  of  the  British  Association  cata- 
logue, whose  apparent  places  wer^ 


No. 

Right  ABoension. 

Declination. 

6983 
6996 

20  10  50.05 
20  12  48.19 

47  15  40.70 
40  16  19.21 

The  formula  for  latitude  is 

20^4+4+Z.-Zo. 

Here  6,+6n=S7^  3V  59^^91 ;  Z.-Z»  was  found,  by  obeerva* 
tion,  equal  to  -60^^29.  Therefore  a^=87o  31^  9'^62.  The 
observations  indicated  no  correction  for  level ;  and  the  oorreo* 
tion  for  difference  of  refraction  was  -^(y^.OH.  Hence  the  final 
latitude  is  43°  45'  34^^80. 

September  27th,  the  same  stars  were  again  observed,  when 
6,+dn  equaled  87°  32'  (^^40;  Za-Z.  was  found  equal  to 
—49^^.43.  The  correction  for  level  was  +0^^.90,  and  for  refrac- 
tion -0''.02,  from  which  we  deduce  the  latitude^  43^  45"  35^^92. 

(183.)  This  method  of  determining  latitude  possesses  the  fb!* 
lowing  advantages :  1.  It  eliminates  almost  entirely  the  effect 
of  atmospheric  refraction,  since  we  only  require  the  difference 
of  refraction  of  the  two  stars.  With  a  zenith  distance  of  25  de- 
grees, and  a  difference  of  altitude  of  24'  between  the  two  stars, 
this  difference  of  refraction  does  not  exceed  half  a  second  of 
arc.  The  observations  are  generaUy  made  much  nearer  to  the 
zenith  than  25^,  and  the  difference  of  altitude  is  commonly  but 
a  few  minutes. 

2.  The  angular  measurements  required  are  made  by  meana 
of  a  micrometer,  so  that  there  is  no  ocoasioa  for  a  loTjge  gtada«< 
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ated  circle,  the  semioiicle  attached  to  the  telescope  being  used 
merely  as  a  finder. 

The  chief  objection  to  this  method  is,  that  the  resulting  lati- 
tude is  afifected  by  any  error  whidi  may  exist  in  the  assumed 
declinations  of  the  stars  employed,  and  we  are  generally  obliged 
to  make  our  selections  firom  stars  whose  places  have  not  been 
determined  with  the  greatest  accuracy.  When  accurate  de- 
terminations of  the  stars  employed  cem  be  obtained  with  the 
laige  instruments  of  a  fixed  observatory,  this  objection  is  mostly 
obviated. 

SEVENTH   METHOD. 

(184.)  By  observations  with  a  transit  instrument  in  the 
prime  vertical. 

This  method  supposes  the  transit  instrument  to  be  placed 
with  its  supports  north  and  south,  so  that  the  telescope,  when 
directed  toward  the  horizon,  points  due  east  and  west  We 
must  then  observe  the  passage  of  some  known  star  over  the 
same  wires  when  the  telescope  is  pointing  west.  From  these 
observations  we  may  determine  the  latitude  of  the  place,  or 
tiie  declination  of  the  star,  when  either  of  these  quantities  is 
known. 

Let  P  represent  the  pole  of  the  earth, 
Z  the  zenith  of  Hie  observer,  EZW  the 
prime  vertical,  which  is  also  the  line  de- 
scribed in  the  heavens  by  the  transit ; 
and  let  the  arc  SBS^  be  the  path  of  a  "^ 
star  which  culminates  a  little  south  of 
the  zenith.  Let  the  times  at  which  a  star  crosses  the  field  of 
the  transit  at  S  and  S^  be  noted ;  then  will  the  angle  SPS^,  which 
is  the  difference  of  those  times,  be  known.  Then,  in  the  right- 
angled  spherical  triangle  PZS,  by  Napier's  rule, 

R.  COS.  ZPS = tang.  PZ  cot  PS. 

Pat  ZPS=P=:half  the  sidereal  interval  between  the  times 

of  east  and  west  transit ; 
d=:90o— PS = the  declination  of  the  star ; 
^=:90<^— PZ=:the  latitude  of  the  place. 

Then 

cos.  P=cot.  ^  tang,  d ; 
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*^-^=St <^> 

which  is  the  same  as  given  in  Art.  148. 

Ex.  1.  On  the  16th  of  December,  1844,  the  transit  of  a  LyrsB 
over  the  prime  vertical  of  Cambridge  was  observed  at  16h.  34m. 
47.3s. ;  and  again  at  20h.  2dm.  14.0s. ;  the  declination  of  the 
star  being  38°  38^  42^^05.  Required  the  latitude  of  the  obser- 
vatory. 

Here  P=1L  55m.  13.36s.  in  time,  or  28^  48'  2(K^25  in  arc. 

tang,  d,  38°  38'  42''.06= 9.9028601 

COS.  P,  28°  48'  20".25= 9.9426327 

Latitude=42o  22'  48".3  tang. =9.9602274 

Ex.  2.  On  the  4th  of  January,  1846,  the  transit  of  a  Lyrae 
over  the  prime  vertical  of  Washington  was  observed  at  18h.  27m. 
0.35s. ;  and  again  at  19h.  28m.  1.0s. ;  the  declination  of  the  star 
being  38°  38'  42".37.     Required  the  latitude  of  the  observatory. 

Here  P=Oh.  30m.  30.325s.  in  time,  or  7°  37'  34".87  in  arc. 

tang,  d,  38^  38'  42".37= 9.9028615 

C0S.P,   7Q  37'  34".87=9.9961414 

Latitude =38°  53'  37".l  tang. =9.9067201 

(185.)  When  these  observations  are  made  for  the  determina- 
tion of  latitude,  it  is  best  to  select  a  star  which  culminates  but 
a  Uttle  south  of  the  zenith,  as  the  same  error  in  the  observations 
will  have  less  influence  upon  the  result.  The  transit  instrument 
may  be  brought  nearly  into  the  prime  vertical,  by  computing 
the  time  when  a  star  which  culminates  several  degrees  south 
of  the  zenith  will  pass  the  prime  vertical.    The  formula 

COS.  P=cot.  if>  tang.  6 
gives  the  hour  angle  between  the  meridian  and  the  time  of 
transit  over  the  prime  vertical.  The  right  ascension  of  the  star, 
minus  the  hour  angle,  gives  the  time  of  the  east  transit ;  and 
the  right  ascension,  plus  the  hour  angle,  gives  the  time  of  west 
transit. 

(186,)  When  the  instrument  is  brought  nearly  into  the  prime 
vertical,  the  error  in  azimuth  may  be  determined  as  follows : 
Half  the  sum  &f  the  times  of  transit  over  the  east  and  west  ver- 
ticals, gives  the  time  of  transit  over  the  meridian  of  the  instru- 
ment. This  result  should  be  equal  to  the  right  ascension  of  the 
star,  corrected  for  the  error  of  the  dock.    If  the  two  results  are 
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not  equal,  their  difference  shows  the  angle  which  the  meridian 
of  the  instrument  makes  with  the  true  meridian. 

If  the  plane  of  the  telescope  deviates  much  firom  the  prime 
vertical,  the  co-latitude  deduced  will 
be  sensibly  too  small.  Suppose  the 
axis  deviates  to  the  east  of  north,  and 
lliat  the  telescope  describes  a  verti- 
cal circle,  passing  through  E^2iW''; 
then  will  PZ',  which  bisects  SS',  be 
the  co-latitude  which  results  from 
tlie  above  formula. 

The  correction  for  this  deviation  may  be  computed  as  follows : 
Take  the  half  sum  of  the  times  of  transit  over  the  east  and  west 
verticals,  correct  it  for  the  error  of  the  clock,  and  subtract  the 
result  from  the '  star's  right  ascension.  The  difference  will  be 
the  angle  ZPZ^  Now,  firom  the  right-angled  triangle  PZZ^,  we 
have 

tang.  PZ  COS.  ZPZ'=tang.  PZ"=tang.  PS  x  cos.  SPZ^ 
.         ^    tang.  6  X  COS.  ZPZ^ 

The  angle  ZPZ^  is  the  same  for  all  stars,  and  it  is  better  to 
deduce  its  value  firom  a  star  which  culminates  several  degrees 
south  of  the  zenith,  since  the  same  error  in  the  observations  will 
have  less  influence  upon  the  azimuth  deduced. 

(187.)  If  we  reverse  the  telescope  upon  its  supports,  any  error 
of  coUimation  or  inequality  of  jnvots  will  produce  exactly  a  con- 
trary effect  on  the  latitude.  Observations,  therefore,  of  two  stars 
on  the  same  day,  in  reversed  positions  of  the  telescope,  or  of  the 
same  star  on  following  days,  in  reversed  positions  of  the  tele- 
soope,  will  correct  each  other,  and  the  mean  will  give  the  true  lat- 
itude, if  the  declination  of  the  star  is  accurately  known.  This 
is  one  of  the  best  methods  of  determining  the  latitude  with  a 
portable  instrument. 

In  the  equation 

COS.  Prrcot.  ^  tang,  d, 
either  ^  or  ^  may  be  computed  when  the  other  quantity  is  known. 
Hence,  in  a  fixed  observatory,  when  the  latitude  is  well  de- 
termined, the  declinations  of  stars  may  be  determined  with  great 
precision  by  a  transit  instrument,  adjusted  to  the  prime  vertical. 
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But  to  accomplish  this  object  in  the  best  manner  requires  an 
instrument  of  a  peculiar  construction.  The  instrument  should 
admit  of  haying  the  level  applied  to  it  while  the  telescope  is  in 
the  position  of  observation,  and  it  should  also  admit  of  being  re- 
versed with  ease  and  rapidity.  The  figure  on  the  opposite  page 
represents  the  instrument  used  for  this  purpose  at  the  Washing- 
ton Observatory,  and  was  made  by  Pistor  and  Martins,  of  Berlin. 

.  (188.)  The  instrument  rests  on  a  block  of  granite,  MM,  6  feet 
5  inches  high,  3  feet  3  inches  from  east  to  west,  and  3  feet  7 
inches  from  north  to  south.  This  block  is  cut  so  as  to  form  two 
columns  4^  feet  high,  separated  by  a  cavity  which  contains  the 
reversing  apparatus. 

S  is  the  axis  of  the  instrument,  terminating  in  two  pivots, 
B,  B,  3.6  inches  in  diameter ;  to  one  of  which  is  attached  the 
telescope,  T,  to  the  other  the  cylinder,  U,  which  counterpoises 
the  telescope.  The  telescope  is  6^  feet  focal  length,  and  4.8 
inches  clear  aperture. 

y,  y  are  the  Y's  which  support  the  axis,  and  C,  C  are  friction 
rollers,  with  grooves  for  relieving  the  Ts.  They  are  regulated 
by  the  counterpoises  W,  W,  all  of  which  are  carried  by  the  re- 
versing apparatus. 

The  axis,  S,  is  hollow,  and  contains  a  lever,  r,  one  end  of 
which  expands  into  a  fork,  and  is  firmly  secured  at  a;  to  each 
side  of  the  telescope  tube.  To  the  other  end  of  the  lever  is  at- 
tached the  counterpoise,  K,  which  transfers  the  weight  of  the 
telescope  to  that  part  of  the  pivot  which  rests  immediately  upon 
the  Y's.  A  similar  counterpoise  is  placed  on  the  other  side,  to 
produce  the  same  efiect  with  reference  to  the  cylinder  U. 

Z  is  the  striding  level,  which  rests  permanently  upon  the  piv- 
ots B,  B  during  the  observations ;  and  L  is  a  mirror  for  illumina- 
ting the  level  divisions  by  means  of  a  lamp.  The  level  tube  is 
protected  by  a  glass  case,  Gr,  and  there  is  a  cross  level  at  h. 

About  the  middle  of  the  axis,  at  e/,  is  a  clamp  for  slow  mo- 
tion of  the  telescope,  and  a  screw,  with  a  Hook's  joint,  at  E. 

The  reversing  apparatus,  P,  P,  turns  on  an  inverted  cone, 
working  in  the  hollow  cylinder,  B,  and  is  strengthened  by  the 
cross  iron  bfurs,  a,  a,  a,  which  are  supported  by  the  flat  iron  bars, 
6,6. 

H  is  a  crank  which  turns  a  cog-wheel  at  N,  whiohy  by  means 
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of  a  sorew,  lifts  the  hollow  cylmder,  B,  and,  by  means  of  the 
forks,  I,  ly  lifts  the  horizontal  axis  until  the  pivots,  B,  B,  are 
suffioiently  high  to  clear  the  Y's.  The  telescope  is  then  tamed 
to  a  zeniUi  distance  of  aboat  45^,  and  is  revolved  to  the  other 
side  of  the  pier.  It  is  prevented  from  going  too  far  by  the  arm 
F,  which  is  so  adjusted  as  to  strike  the  pin  D,  when  the  tele- 
scope is  exactly  over  the  Y's. 

ff  is  a  finding  circle  for  setting  the  telescope  upon  a  star. 

J  is  the  handle  of  a  screw,  which  moves  a  slide  at  0  for  reg- 
ulating the  illumination  of  the  wires. 

t  is  the  micrometer  head  and  screw  moving  the  micrometer 
wire. 

p  is  a  lever  which  carries  the  eye-piece  across  the  field. 

In  the  eye-piece  of  the  telescope  are  inserted  two  horizontal 
and  parallel  threads,  distant  V  from  each  other ;  and  also  IS 
fixed  vertical  lines,  with  one  movable  one.  The  transits  dver 
the  vertical  lines  are  designed  to  be  observed  midway  between 
the  two  horizontal  lines. 

(189.)  Mode  of  observation. 

Having  determined  the  error  of  level  of  the  axis,  direct  the 
telescope  to  a  star  while  it  is  yet  north  of  the  eastern  prime 
vertical,  and  observe  the  transit  of  the  star  over  each  of  the 
wires  preceding  the  middle  of  the  field ;  the  altitude  of  the  tel- 
escope being  continually  changed,  so  that  the  oblique  transit  may 
be  observed  over  the  centre  of  each  wire.  When  the  star  has 
passed  the  wire  next  before  the  middle,  reverse  the  axis,  by 
which  means  the  telescope  will  bo  carried  to  the  opposite  side 
of  the  pier,  and  observe  the  passage  of  the  star,  now  on  the  south 
side  of  the  eastern  prime  vertical,  over  the  same  wires  as  before, 
but  in  the  opposite  order:  Determine  again  the  error  of  level 
of  the  axis.  When  the  star  is  approaching  the  western  prime 
vertical  from  the  south,  the  instrument  being  still  in  its  second 
position,  ascertain  again  the  error  of  level  of  the  axis.  Again 
observe  the  transit  of  the  star  over  the  first  seven  wires  preceding 
the  middle  of  the  field ;  reverse  the  instrument  to  its  first  posi- 
tion, and  observe  the  transit  of  the  star,  now  on  the  north  side 
of  the  western  prime  vertical,  over  the  same  wires.  Finally, 
ascertain  the  error  of  level  of  the  axis  in  the  last  position. 

The  following  observations  were  made  by  Stnive,  with  the 
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prime  vertioal  transit  of  the  Folkova  Observatory.    The  num- 
bers in  the  last  oohmm  are  read  firom  below,  upward. 

January  15,  1842.     o  Draoonis. 


EAST   TEBTXCAL. 

WBST   VBBTICAL. 

Telescope  S. 

TelewwpeS. 

wins. 

&.     m*       9. 

A.     m,        9, 

I. 

17  54  30.7 

19  42  51.4 

IL 

55    8.65 

42  13.65 

m. 

55  44.4 

41  38.0 

IV. 

56  22.25 

40  59.85 

V. 

57    0.6 

40  21.7 

VI. 

57  40.9 

39  41.4 

VII. 

17  58  19.5 

19  39    2.7 

Telescope  N. 

TeIeae(^N. 

vn. 

18    1    4.0 

19  36  17.85 

VI. 

1  45.5 

35  37.0 

V. 

2  29.8 

34  52.35 

IV. 

3  12.7 

34    9.3 

III. 

3  57.6 

33  24.7 

n. 

4  39.8 

32  42.1 

I. 

18    5  26.35 

19  31  55.6 

Level  =  +0".687 

Level  =  +0".923 

(190.)  The  reduction  of  the  observations  is  made  as  foDowB, 
each  wire  being  treated  separately. 

Let  NESW  represent  the  horizon, 
NS  the  meridian,  E  W  the  prime  vert- 
ical, P  the  pole,  and  A  the  place  of  the 
star  at  its  transit  over  one  of  the  wires 
of  the  telescope.  Join  PA  and  NA 
by  arcs  of  great  circles.  The  projec- 
tion of  each  wire  on  the  sky  is  a  small 
circle,  whose  pole  is  the  north  point, 
N,  of  the  horizon.  If  c  represent  the 
angular  distance  of  one  of  the  wires  from  the  line  of  collimation, 
90^— c  will  be  the  radius  NA  of  the  small  circle,  when  the  star 
is  seen  on  it,  north  of  the  prime  vertical,  and  90^ +^  when  the 
star  is  south  of  the  prime  vertical 

In  the  triangle  PNA,  by  Trig.,  Art  225,  we  have 
COS.  NA=cos.  NP  cos.  PA+sin.  NP  sin.  PA  cos.  NPA. 

Let    ^=NP  the  latitude  of  the  place ; 


n 


164 


Practical  Astronomy. 


d=90^— PA=the  star's  decimation; 

ty  ^=the  hour  angles  SPA  from  the  xneridian,  at  the  two 

observations  over  the  same  wire,  in  the  direct  and 

reversed  positions  of  the  axis. 

Then,  when  the  star  is  north  of  the  prime  vertical, 

COS.  (90^— c)=sin.  c=cos.  ^  sin.  d—sin.  ^  cos.  6  cos.  t; 

and,  when  the  star  is  south  of  the  prime  vertical, 

cos.  (90°+c)  =  — sin.  c=cos.  ^  sin.  d— sin.  ^  cos.  6  cos.  f. 

Adding  these  two  equations,  we  obtain 

0=2  sin.  6  COS.  ^— cos.  6  sin.  0  (cos.  ^+cos.  ^), 

or,  Trig.,  Art  75, 

*     X  ^     cos.  ^+cos.  <'  t^+t        t'—t      .^. 

tang.  6  cot.  0= ^ =cos.  — ^  cos.  — gr-.    (2.) 

This  formula  will  furnish  the  declination  when  the  latitude 
is  known,  or  the  latitude  when  the  declination  is  known.  The 
latitude  of  the  Pulkova  instrument  is  59^  46^  18^^  V  represents 
half  the  interval  between  the  first  transit  east  and  the  second 
transit  west ;  and  t  is  half  the  interval  between  the  second  tran- 
sit east  and  the  first  transit  west. 

(191.)  The  following  is  Struve's  reduction  of  the  preceding 
observations,  a  correction  of  +  0.09s.  being  applied  to  the  inter- 
Tal  W.— E.  for  rate  of  clock. 


wire  I.      I  Wire  II.  |  Wire  HI. 


Wire  IV.  IWire  V. 


Wire  VI. 


Wire  VII. 


COB.  i(/'+0 
COB.  \{f-i) 

tang.  ^ 
tang.  6 

6 


1  48  20.70 
1  26  29.34 
0  48  42.63 
0    6  27.86 


m. 


47  6.09 
28  2.39 

48  46.87 
4  46.67 


9.9901167 
9.9998766 
0.2346728 


0.2246660 
69  11  39.00 


46  63.69 

29  27.19 

48  60.22 

4  6.62 


m.  «. 
44  37.69 
30  66.69 
48  63.60 
3  26.26 


m.   « 
43  21. 
32  22 
48  66 
2  44.641 


m. 


19  42 
6433 
9648 


0.69 
61.69 
68.06 
2  2.26 


m.   «. 
40  43.29 
36  13.94 
48  69.31 
1  22.88 


0871 
9063 
6728 


0642 
9301 
6728 


0411 
9616 
6728 


0260 
9688 
6728 


0107 
9828 
6728 


0020 
9922 
6728 


6662 
39^04 


6671 
39.23 


6666 
38.90 


6666 
397l2 


6663 
39.06 


6670 
39'l21 


The  mean  error  of  level  of  the  instrument  may  be  applied  to 
0,  or  we  may  apply  a  correction  to  the  declination  obtained  with 
a  constant  value  of  ^:  If  the  inclination  of  the  axis  be  denoted 
by  I,  which  is  the  mean  of  the  two  inclinations,  telescope  N  and 
telescope  S,  then  ^+1  should  be  used  in  place  of  ^,  in  formula 
(2),  Art.  190.     Now,  by  formula  (1),  Art.  184,  we  have 

tang.  d= tang.  ^  COS.  P. 

By  differentiating,  supposing  P  constant,  we  obtain 
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Henoe 


dd  sec.  ^6=d(fi  sec.  ^0  oob.  P. 


sec.  M  tang.  ^    ^^  oos.  0  sin.  ^         sin.  2^' 


or 


,.    sin.  26r 


=690  11/  39^"/:885 


sin.  2^ 

In  the  preoeding  observations  the  mean  inclination  of  the  axis 
was  +0^^805. 

The  mean  value  of  6  =59°  IV  39^'.071 

Correction  for  inclination  of  axis  +0^^.814 

Observed  declination 
(192.)  The  declination  thus  found 
is  not  correct,  unless  the  telescope  is 
truly  adjusted  to  the  prime  vertical. 
Suppose  there  is  an  error  in  the  azi- 
muth of  the  instrument  equal  to  a  or 
90°  -  PZZ';  then,  in  the  triangle  PZZ^ 

.         p__cot.  PZZ"_tang.  a 
xan^  •  JL  —  _»__  ^^  — ,     ■   . 

COS.  PZ       sm.  0 
If  the  error  in  azimuth  be  small,  we  may  assume 

sm.  if> 
which  represents  the  angle  at  the  pole,  between  the  true  me- 
ridian and  the  meridian  of  the  instrument.  The  instant  of  the 
star's  passage  over  the  meridian  of  the  instrument  is  equal  to  the 
half  sum  of  the  east  and  west  transits.  Thus,  in  the  preceding 
observation,  we  have 


Win.. 
I. 

TelMoopo  S. 

18L  48m.  41.10s. 

18h.  48m.  40.938. 

n. 

41.15s. 

41.258. 

m. 

41.30s. 

41.078. 

IV. 

41.05s. 

41.00s. 

V. 

41.155.. 

41.15s. 

VI. 

41.1ds. 

40.95s. 

vn. 

41.10b. 

40.978. 

Mean,  18h.  48m.  41.13s.  41.058. 

Mean,  18h.  48m.  41.09s. 
The  instant  of  meridian  passage  requires  a  small  ooneotion 
fiir  the  diflerenoe  of  inclinations  of  tiie  axis  in  the  two  vertioab. 
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This  oorrection  in  the  present  oase  amounts  to  —0.08s.;  and 
henoe  the  true  time  of  meridian  passage  by  the  instrnment  is 

18L  48m.  41.01s. 

The  star's  right  ascension,  oorrected  for  error  of  the  clock,  was 

18h.  48m.  41.86s. 

Hence  P=  —0.85s.  in  time,  is  the  angle  of  the  two  meridians. 

For  the  azimuth  of  the  axis  of  rotation,  reckoned  from  the 
south  round  by  the  west, 

a=15P  sin.  ^,  in  arc. 

In  the  present  case, 

a= — 11''^.0,  in  arc. 

The  effect  of  this  small  azimuthal  error  upon  the  declination 
is  inappreciable. 

It  is  the  opinion  of  StruYC  that,  with  this  instrument,  changes 
in  the  apparent  declination  of  zenith  stars,  amounting  to  a  smaU 
fraction  of  a  second,  may  be  detected.  This  instrument  may 
therefore  be  employed  to  determine  the  aberration  of  light,  and 
ike  annual  parallax  of  zenith  stars.  The  bright  star  a  Lyras 
culminates  about  15^  south  of  the  zenith  of  Washington  Observa^ 
tory,  and  this  star  has  been  observed  by  Pro&ssor  Hubbard  with 
great  care,.  &r  the  purpose  of  determining  its  annual  parallax, 
which,  according  to  the  Pulkova  observations,  amounts  to  about 


CHAPTER  Vn. 

ECLIPTIC. 

(193.)  Whbk  an  observer  has  obtained  the  latitode  of  his 
station,  he  is  prepared  with  an  astronomical  circle  to  determine 
the  apparent  declinations  of  the  heavenly  bodies.  For  the  eleva- 
tion of  the  equatori  EH,  is  the  com- 
plement of  PO,  the  elevation  of  the 
pole ;  and  if  from  SH,  the  altitude 
of  a  star,  we  subtract  EH,  the  ele- 
vation of  the  equator,  we  shall  ob- 
tain the  star's  declination.  This  ^  ^ 
rule  will  hold  for  all  the  heavenly  bodies  at  their  upper  culmin- 
ation, if  we  measure  their  altitude  from  the  south  horizon.  Or, 
if  we  represent  the  latitude  by  ^  and  the  zenith  distance  by 
Z,  when  a  body  culminates  south  of  the  zenith,  we  have 

If  it  culminate  north  of  the  zenith,  and  above  the  pole, 

d=if>+Z. 

If  it  culminate  north  of  the  zenith,  and  below  the  pole, 

d=18Oo-(0+Z). 

(194.)  If  the  declination  of  the  sun  be  observed  during  a 
whole  year,  whenever  it  passes  the  meridian,  upon  comparing 
the  results  it  will  be  found  that,  on  the  23d  of  December,  the 
declination  has  its  greatest  value  on  the  southern  side  of  the 
equator ;  that  it  diminishes  till  the  21st  of  March,  when  the 
declination  is  ejcactly  or  nearly  zero;  and  that  it  afterward  in- 
creases on  the  northern  side  of  the  equator  till  June  21.  From 
this  time  the  declination  diminishes  till  the  23d  of  September, 
when  it  is  again  zero,  and  increases  again  on  the  southern  side 
of  the  equator  till  the  22d  of  December. 

The  greatest  observed  northern  and  southern  declinations  of 
Hie  sun  constitute  approximate  values  of  the  angles  at  which 
Hie  plane  of  the  ecliptic  and  the  plane  of  the  equator  intersect 
each  other;  and  the  times  at  which  the  declinations  are  nearly 
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zero,  are  the  approximate  times  when  the  sun,  in  ascending  and 
descending,  crosses  the  plane  of  the  earth's  equator ;  but  as  the 
observations  are  only  made  at  the  instants  of  apparent  noon  at 
the  station,  it  is  not  probable  that  the  greatest  or  least  declination 
will  take  place  precisely  at  the  instant  of  observation ;  and  there- 
fore a  computation  must  be  made  to  obtain  these  elements  with 
sufficient  accuracy. 

Bight  ascension  is  reckoned  from  the  vernal  equinox ;  and  a 
clock  regulated  to  exact  sidereal  tirrie  should  indicate  Oh.  Om.  Os. 
when  the  vernal  equinox  is  passing  the  metidian. 

Problem. 

(195.)  To  find  the  position  of  the  equinoctial  points. 
Observe  the  altitude  of  the  sun  when  on  the  meridian  upon 
the  day  which  precedes  and  the  day  which  follows  the  equinox. 
These  altitudes,  corrected  for  refraction  and  parallax,  will  fur- 
nish the  declinations  6  and  d",  one 
south  and  the  other  north.  Let 
T  represent  the  interval  between 
the  observations,  expressed  in  si- 
dereal time.  Let  A  be  the  place 
of  the  equinox,  BB''  the  equator,  SS^  the  ecliptic,  S  and  S^  the 
places  of  the  sun  on  two  successive  days,  one  preceding  and  the 
other  following  the  equinox  ;*  also,  let  BS  and  B^S'  be  the  ob- 
served declinations.  Then,  suppose  the  motion  in  declination 
and  right  ascension  to  be  uniform  at  this  time,  as  they  are  very 
nearly,  we  shall  have 

BS+B^S':BS::BB':BA, 
or       6+6^ :  6 ::  T— 24h. : difT.  right  asc.  between  B  and  A. 

Ex,  1.  On  the  20th  of  March,  1851,  the  sun's  declination  at 
noon  was  observed  at  Greenwich  to  be  16^  33^^29  S.,  and  March 
21st  it  was  7'  7''^54  N. ;  also  the  sidereal  interval  between  the 
observations  was  24h.  3m.  38.23s.  What  was  the  sun's  ri^t 
ascension  at  noon,  March  21st  ? 

In  this  case  we  shall  have  the  proportion 

16"  33^^29+7'  7'^54 : 7"  7"^54 ::  3m.  38.23s. :  65.67s. 
Therefore  the  sun's  right  ascension  at  noon,  March  21st| 
was 

Oh.  Im.  5.67s. 


Ecliptic.  169 

Ex.  2.  On  the  23d  of  September,  1851,  at  noon,  the  sun's 
declination  observed  at  Greenwich  was  3^  61''^53  N.,  and  on  the 
23d  it  was  19"  33^^76  S. ;  also  the  sidereal  interval  of  the  tran- 
sits was  24h.  3in.  36.13s.  What  was  the  sun's  right  ascension 
at  noon,  September  23d  ? 

Ans.  12h.  3m.  0.52s. 

Ex.  3.  On  the  22d  of  September,  1846,  at  noon,  the  sun's 
declination,  observed  at  Washington,  was  17"  2"".80  N.,  and  on 
the  23d  it  was  6"  21"''.56  S.  y-^also,  the  sidereal  interval  of  the 
transits  was  24h.  3m.  35.50s.  What  was  the  sun's  right  ascen- 
sion at  the  second  observation  ? 

Ans.  12h.  Om.  58.55s. 

(196.)  These  computations  should  be  made  both  for  March 
and  September,  when  the  sun  crosses  the  equator.  If  the  side- 
real clock  were  correct,  it  would  be  found  to  indicate  12  hours 
when  the  sun  is  on  the  meridian  at  the  autumnal  equinox ;  from 
which  we  infer  that  the  two  equinoctial  points  are  distant  from 
one  another  180  degrees.  If  now  we  observe  some  star  which 
passes  the  meridian  about  the  same  time  with  the  vernal  equi- 
nox (as,  for  example,  a  Andromedae),  its  right  ascension  will  be 
known ;  and  having  settled  the  right  ascension  of  one  star,  the 
right  ascension  of  other  stars  may  thence  be  deduced.  Thus, 
taking  the  apparent  right  ascension  of  a  AndromedsB  on  January 
31, 1853,  to  be  Oh.  Om.  46.10s.,  let  the  index  of  the  clock  be  set 
to  that  time  when  a  Andromedee  is  on  the  meridional  wire  of  the 
transit  telescope.  The  clock,  if  it  goes  correctly,  will  denote  the 
right  ascension  of  other  stars  when  they  are  bisected  by  the  me- 
ridional wire.     Thus,  on  the  above  day, 

Aldebaran  passing  the  meridional  wire  at  4h.  27m.  29.19s. 

Capella  "        «  "  «     "  5h.    5m.  50.26s. 

Rigel  "         "  «  "     "  5h.    7m.  28.58s. 

Sirius  "        "  «  "     "  6h.  38m.  40.82s. 

these  times  would  be  the  apparent  right  ascensions  of  those 
stars. 

The  star  selected  by  any  astronomer  to  regulate  the  right  as- 
censions of  other  stars  is  called  his  fundamental  star.  Dr.  Mas- 
kelyne,  at  the  Greenwich  Observatory,  employed  a  Aquike  for 
this  purpose ;  while,  at  the  Washington  Observatory,  a  Androm- 
edse  is  employed. 
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(197.)  When  a  number  of  stars  have  had  their  right  ascen- 
sions determined  by  referring  them  to  some  fundamental  star, 
they  will  all  be  charged  with  the  error  which  may  happen  to 
belong  to  this  star ;  and  it  is  an  object  of  the  utmost  importance 
to  ascertain  the  existence  and  quantity  of  such  error.  The  dif- 
ficulty lies  in  determining  accurately  the  position  of  the  first 
point  of  Aries,  from  which  the  right  ascensions  of  all  the  stars 
are  counted.  The  cou^rse  pursued,  therefore,  by  astronomers,  is 
first  to  find  the  sun's  right  ascension,  by  comparing  the  transit 
of  his  centre  with  the  transit  of  the  fundamental  star,  or  with 
the  transits  of  several  principal  stars,  related  to  it  by  known  dif- 
ferences ;  and,  secondly,  to  compute  from  his  observed  declina- 
tion the  right  ascension  belonging  to  the  moment  of  the  meridian 
passage.  These  operations  should  be  performed  on  several  days, 
near  both  the  vernal  and  autumnal  equinox.  The  right  ascen- 
sions derived  from  a  comparison  with  the  stars  should  agree 
with  those  derived  from  the  observed  declinations  of  the  sun. 
If  there  be  a  constant  difference,  this  will  be  the  correction  to 
be  applied  to  the  assumed  right  ascension  of  the  fundamental 
star.  The  sun's  right  ascension  is  deduced  firom  his  declination 
in  the  following  manner : 

Let  AC  represent  a  part  of  the 
equator,  AD  a  part  of  the  ecliptic, 
and  A  be  the  first  point  of  Aries. 
Suppose  the  sun  to  be  at  S,  and 
draw  SB  perpendicular  to  AC ;  then 
AB  will  be  the  right  ascension  of  the  sun,  and  SB  his  declina- 
tion. 

But,  by  Napier's  rule, 

rad.  X  sin.  AB=cotang.  SAB  x  tang.  SB ; 
that  is, 

sin.  B.  A.=cotang.  obliquity  x  tang.  dec. 
Or,  representing  the  sun's  declination  by  d,  and  the  obliquity 
of  the  ecliptic  by  (k),  we  have 

•n    A      tanfif.  d 
sm.  E.  A.= — - — . 
tang.  <M> 

Ex.  1.  The  followii^  observations  of  the  sun's  oentre  wero 
made  at  Greenwich  in  1851 : 
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Df. 

Son's  R.  A.  obeerved. 

Sun's  Dee.  obserred. 

Sept  15 

11  34  16.15 

2  47    0.18  N. 

16 

37  5152 

2  23  50.70  N. 

21 

55  48.55 

0  27  16.35  N. 

23 

59  24.19 

0    3  51.53  N. 

23 

12    3    0.32 

0  19  33.76  S. 

It  is  reqnired  to  find  the  mean  oorrection  of  the  right  ascen- 
BioDS,  the  obUqtiiiy  of  the  ecUptic  being  23^  27'  28'M5. 
The  oomputation  for  September  15  is  as  follows : 

tang,  d,    20  47'    (Ka8= 8.6867922 
tang. «,  23°  27^  28^^^15=9.6374270 
sin.  B.  A.,  llh.  34m.  16.13s. =9.0193652 
The  observed  right  ascension  was  llh.  34m.  16.15s. 

Error  of  the  observed  R.  A.  +  0.02s. 
In  the  same  way  the  2d  observation  gives  +  0.03s. 

3d         «  "     -0.19s. 

4th        «  «     -054s. 

5th        "  «     -0.01s. 


(( 


(( 


(( 


ti 


a 


u 


The  mean= -0.08s. 
That  iS)  Hie  observed  right  ascensions  appear  to  be  too  small  by 
0.06s. 

Similar  observations  should  be  made  at  each  equinox  every 
year,  until  it  appears  that  no  further  oorrection  is  required. 

Ex,  2.  The  foUowing  observations  of  the  sun's  centre  were 
made  at  Washington  in  1846 : 


Date. 

Sna's  R.  A. 

Son's  Dee. 

A*        fit*            X« 

O            /                   // 

Sept  16 

11  35  49.40 

+2  36  56.46 

21 

11  53  46.89 

+0  40  29.52 

22 

11  67  22.79 

.   +0  17    2.80 

23 

12    0  58.29 

-0    6  18.71 

25 

12    8  10.58 

-0  63  11.60 

28 

12  18  59.37 

-2    3  28.11 

It  is  required  to  find  the  mean  correction  of  the  ri^t  asce 
dons,  the  obliquity  of  the  eoUptio  being  23^  27'  2d''.88. 

Ans.  +O.O69. 
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Problem. 


(198.)  To  find  the  obliquity  of  the  ecliptic. 
Observe  the  right  ascension  and  declination  of  the  sun  near 
one  of  the  solstices.  If  the  sun  were  exactly  at  the  solstice  at 
one  of  the  observations,  the  observed  declination  would  be  the 
obliquity  required.  But  as  such  a  coincidence  can  seldom  hap- 
pen, it  is  customary  to  take  observations  on  several  days  both 
before  and  after  the  solstice,  and  compute*  the  reduction  to  the 
solstice.     This  may  be  done  in  the  fc^owing  manner : 

Let  AB  represent  the  equa- 
tor, AS  the  ecliptic,  A  the  vernal 
equinox,  S  the  solstice,  and  S^ 
the  place  of  the  sun  near  the 
solstice.  Let  fall  the  perpen- 
dicular S^B^  upon  the  equator. 
Then,  by  Napier's  rule, 

R.  sin.  AB'=tang.  S^B'  cot.  BAS. 
Put  d=the  observed  declination;  A=BB''=6h.— the  sun's 
right  ascension ;  a)=the  obliquity  of  the  ecliptic ;  and  a;=the  re- 
quired correction  to  obtain  the  declination  at  the  solstice.     Then 

sin.  AB^=tang.  d  cot.  6), 

,     tang.  <$ 
or  oosA=- — - — . 

tang.  6) 

By  Trig.,  Art.  76, 

^     tang.  ($ 

sin.  (a)—d)_tang.  cj— tang.  <y_       tang.  6)_1— 008.A 

sin.  (6)+ d) ""tang.  0)+ tang,  d    ^     tang.  d""l+oos.A 

tang.  0) 

that  is,  sin.  (g)— d)=tang.  ^^h  sin.  (6)+d). 

When  the  required  correction  is  smallj  we  may  put  <i)— d  for 
on.  (61— d),  and  dividing  by  sin.  V\  to  have  x  expressed  in  sec- 
onds, we  obtain 

sin.  V 
which  is  the  correction  in  seconds  to  be  added  to  the  observed 
declination,  to  obtain  the  obliquity. 
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Ex.  1.  In  June,  1851,  the  following  observations  were  made 
at  G-reenwich : 


u 


ti 


i( 


(( 


(( 


(( 


17.anii'sR.ii 

..51i 

1. 40m.  59.17s. 

Deo.  23<: 

>23'    7"'.57 

19.          « 

5 

49      18.63 

26     4  .87 

21.          " 

5 

57      37.76 

27  22  .56 

26.          « 

6 

18      25.27 

23  21  .25 

27.          « 

6 

22      34.12 

21  18  .59 

28.          « 

6 

26      43.59 

18  53  .14 

30.          « 

6 

35       1.20 

12  47  .16 

It  is  required  to  determine  the  obliquity  of  the  ecliptic. 

Assume  for  the  obliquity  the  greatest  observed  declination,  or 
23°  27"  22^^56.  Then,  for  June  17ih,  the  reduction  will  be  as 
follows : 

A=19m.  0.83s.=4o  45"  12"".45;  iA=2o  22"  36"".2. 
By  formula  (1), 

tang.  iA= 8.618105 

8.618105 

sin.  460  50"  30"".13 = 9.863005 

cosec.  1""= 5.314425 

Correction,  259"".20= 2.413640 

This  correction  being  added  to  the  observed  declination,  23^ 
23"  7"".57,  gives 

The  obliquity  of  the  ecUptio=23o  27"  26"".77 
In  like  manner  the  2d  observation  gives  26  .80 


(( 


(( 


(( 


(( 


(( 


C( 


« 


(( 


It 


a 


3d 

a 

(( 

26  .59 

4th 

u 

u 

24  .55 

5th 

i( 

a 

23  .78 

6th 

<( 

(( 

25  56 

7th 

(( 

u 

26  .39 

The  mean  is  23^  27"  25"".73 

(199.)  It  may  be  thought  that  this  method  involves  a  vicious 
principle,  inasmuch  as  it  requires  a  knowledge  of  6>  to  enable 
us  to  find  the  value  of  6>.  But  it  will  be  noticed  that  only  an 
approximate  knowledge  of  o)  is  required  to  furnish  a  very  accu- 
rate value  of  the  correction  rr.  In  reducing  the  preceding  ob- 
servation of  June  17,  an  error  of  one  minute  in  the  assumed 
▼alue  of  6)  will  occasion  an  error  of  less  than  one  tenth  of  a  sec- 
ond in  the  computed  reduotioiL 


174 


Practical  Astronomy. 


This  is  but  one  example  of  a  very  common  case  in  astronomy, 
in  which  we  employ  an  approximate  value  of  an  unknown  quan- 
tity to' obtain  a  more  accurate  detBrmination. 

Ex.  2.  The  following  observations  were  made  at  Greenwich 
in  1850: 

June  17.  Sun's  R.  A.  5h.  41m.  59.36s.    Dec.  23°  23^  29^M8 


«  18. 

5 

46 

8.94 

(( 

25  7  .16 

«  20. 

5 

54 

27.74 

u 

27  0  .73 

«  21. 

5 

58 

37.40 

(( 

27  23  .24 

'  22. 

6 

2 

46.82 

(( 

27  17  .83 

'  24. 

6 

11 

5.83 

(( 

25  54  .95 

'  25. 

6 

15 

14.88 

(( 

24  38  .84 

'  26. 

6 

19 

24.40 

(( 

22  55  .04 

Reqoiied  the  oUiqmty  of  the  eoliptio. 

Ans.  23°  27'  23".88. 
Ex.  3.  The  following  observations  were  made  at  "Washingixin 
in  1846 : 

Son's  R.  A.  17h.  44m.  37.21s. 

17  57      56.81 

18  2     23.51 
«        18      6      50.17 


Deo.  18. 
«  21. 
«  22. 
..23. 


(( 


ii 


U 


Dec.  230  24^  32^^69 
27  20  .43 
27  19  .64 

«  26  49  .82 


<( 


(( 


Required  the  obliquity  of  the  ecliptic. 


Am.  230  27-^  23^^20. 


Problem. 

(200.)  To  find  the  longitude  and  latitude  of  a  star,  when 
its  right  ascension  and  declination  are  known. 

Let  P  represent  the  pole  of  the 
equator,  E  the  pole  of  the  eclip* 
tic,  G  the  fibrst  point  of  Aries, 
PSP^  an  hour  circle  passing 
through  the  star  S,  and  ESE^  a 
circle  of  latitude  passing  throu^ 
the  same  star.  Then  AEBE'' 
represents  the  solstitial  oolure, 
EP  represents  the  obliquity  of 
the  echptic,  PS  the  polar  dis- 
tance of  the  star,  ES  its  co>lati- 
tnde ;  SPB  is  the  complement  of  its  right  iwnenaian,  and  SEB 
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is  the  complement  of  its  longitude.  Draw  SH  perpendicular 
to  FB.  Represent  FM  by  a  ;  also  represent  the  longitude  of  the 
star  S  by  L,  its  latitude  by  Z,  and  tha  obliquity  of  the  eoliptio 
by  6). 

Now,  by  Napier's  rule,  we  have 

R.  COS.  SFM=tang.  FM  cot.  PS ; 
that  is,               sin.  R.  A.=tang.  a  tang.  Dec., 
or  tang.  a=sin.  R.  A.  cot.  Dec (A) 

Also,  EM=EP+PM=a+a). 

Again,  Trig.,  Art.  216,  Cor.  3, 

sm.  EM :  sin.  FM ::  tang.  SFM :  tang.  SEM  ; 

that  is, 

sin.  (a+6)) :  sin.  a ::  cot.  R.  A. :  cot.  L ::  tang.  L :  tangi  R.  A., 

,        T     tang.  R.A.  sin.  (a+ w)  ,^  v 

or  tang.  L=— -s . i-J — I (1) 

sm.  a  ^  ' 

Also,  tang.  EM  cot.  ES=R.  cos.  SEM ; 

that  is,  tang.  /=cot.  (a+o))  sin.  L (2) 

Also,  Trig.,  Art.  216, 

COS.  PM : COS.  EM ::  cos.  PS : cos.  ES; 

. ,    ,  .                     .     ,    COS.  (a+o))  sin.  Dec.  .^x 

that  IS,  sm.  /= ^ '- ........  (3) 

COS.  Of 

And             R.  008.  SEP=taiig.  EM  cot.  ES ; 
that  is,  sin.  L=taiig.  (a+u)  tang.  / (4) 

Ex.  1.  On  tiie  Ist  of  January,  1851,  the  R.  A.  of  Capella  was 
5h.  Sm.  42.03s.,  and  its  Deo.  45°  ffy  22'' A  N. ;  required  its  lati- 
tnde  and  longitude,  the  obliquity  of  the  ecliptic  being  23°  27' 
25"'.47. 

By  equation  (A), 

R.  A.  760  25'  3a".45     sin. = 9.9876948 
Dec.  45°  50'  22".4       oot.= 9.9872707 
0=430  20'  58".31  tang. =9.9749655 
fa) =23°  27'  25".47 
o+fa)=66o  48'  23".78 

By  equation  (1), 

tang.  R.  A. =0.6171524 

Bin.  (0+ fa)) =9.9634009 

ooseo.  fl=0.1633928 

L=79o  46'  40".93  tang. =0.7439461 
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By  equation  (2), 


cot.  (a+u) 
sin.  L 
/=22o  5V  48'M4  tang.  =9.6249669 


9.6319144 
9.9930515 


By  equation  (3), 


COS.  (a+G)) 
sin.  Dec.: 


9.5953154 
9.8557564 
0.1383583 


sec.  a 
/=22o  5r  48M4  sin. = 9.5894301 


By  equation  (4), 


tang,  (a +6>)= 0.3680856 
tang.  /.= 9.6249659 


L=79o  46^  4r^00  sin. =9.9930515 

Formulas  (3)  and  (4)  give  nearly  the  same  result  as  formu- 
las (1)  and  (2).  Formulas  (1)  and  (2)  are,  however,  to  be  pre- 
ferred, because  the  tangents  vary  more  rapidly  than  the  sines, 
especially  near  90^. 

Formulas  which  furnish  the  value  of  an  unknown  quantity 
by  means  of  its  tangent  or  cotangent,  are  generally  more  accu- 
rate than  those  which  furnish  it  by  means  of  its  sine  or  cosine. 

Ex.  2.  On  the  1st  of  January,  1851,  the  R.  A.  of  Regulus 
was  lOh.  Om.  25.87s.,  and  its  Dec.  12°  41'  32'^7  N.  Required 
its  latitude  and  longitude,  the  obliquity  of  the  ecliptic  being  23^ 
27^25^^47.  il««.  Latitude,        0°  27' 35'''.3  N.    * 

Longitude,  147°  45'  30".3. 

Problem. 

(201.)  To  find  the  right  ascension  and  declination  of  a  star 

when  its  latitude  and  longitude 
are  known. 

Using  the  same  figure  as  in 
the  last  problem,  and  employing 
the  same  notation,  except  that 
we  represent  EM  by  a,  we  ob- 
tain 

tang.  EH  cot.  ES=R.  COS.  SEM ; 
that  is, 

tang.  EM  =  ^ang.  a 
=sin.  L  cot.  /  .  •  .  .  (A) 


Also, 


PM=EM-EP=a-.«. 
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Again,  sm.  PMrsin.  Elf  ::taiig.  SElf  :taiig.  SPM; 
that  is, 
sin.  (a— 6>) :  sin.  a ::  oot.  L :  oot.  R.  A. ::  tang.  R.  A. :  tang.  L. 

Therefore,    tong.R.A.=*°°g- ^.^^  <^-"> (1) 

°  Sin.  a  ^  ' 

Also,  tang.  PM  cot.  PS=R.  cos.  SPM ; 

that  is,  tang.  Deo.=cot.  (a^o))  sin.  R.  A (2) 

Also,  COS.  EM : cos.  PM ::  cos.  ES :  cos.  PS  ; 

, ,    .  .  •     Tk         ^5os.  (a— w)  sin.  /  .^. 

that  IS,  sm.  Dec.=  — ^^ (3) 

cos.  a  ^ 

And  R.  COS.  SPM = tang.  PM  cot.  PS  ; 

that  is,  sin.  R.  A.=tang.  (a— &>)  tang.  Dec.  .  .  (4) 

Ex.  1.  On  the  1st  of  January,  1851,  the  longitude  of  Capella 
was79o  46''  4(K''.93,  and  its  latitude  22°  61<  48'M4  N. ;  required 
its  right  ascension  and  declination,  the  obliquity  of  the  ecUptic 
being  23°  27^  26^''.47. 

By  equation  (A),  sm.  L = 9.9930515 

cot.  /=0.3750341 

a=66o  48^  23^78  tang. =0.3680856 

a)=23Q  27-^  25^^47 

a-«=43o  20^  58^31 

By  equation  (1), 

tang.  L =0.7439461 

sin.(a-a))=9.8366072 

cosec.  a= 0.0365991 

R.  A.  76°  25^  30^^45  tang. =0.6171524 

By  equation  (2), 

cot.  (a-.6)) =0.0250345 

sin.  R.  A. =9.9876948 

Dec.  450  50^  22^^4  tang. =0.0127293 

By  equation  (3), 

sin.  /=9.5894301 

cos.(a-a))=9.8616417 

sec.  g= 0.4046846 

Dec.=45o  60^  22^4  sin. =9.8557564 

By  equation  (4), 

tang.  (a-6))=9.9749655 

tang.  Dec. =0.0127293 

R.  A.=76o  25/  30//.4  8m.=9.9876948 

M 
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In  this  example  we  have  reproduced  the  results  of  Ex.  1  in 
the  preceding  problem;  Equations  (1)  and  (2)  are  to  be  pre- 
ferred to  equations  (3)  and  (4),  for  the  reason  given  in-  Ihe  pre- 
ceding Article. 

Ex.  2,  On  the  1st  of  January,  1851,  the  longitude  of  Regu- 
lus  was  147°  45'  3(y^3,  and  its  latitude  0^  27'  35''.3  N. ;  re- 
quired its  right  ascension  and  declination,  the  obliquity  of  the 
ecUptic  being  23^  27"  25''.47. 

Ans.  Right  ascension,  lOh.  Om.  25.87s. 
Dechnation,  12^  41'  32".7  N. 

Problem. 

(202.)  To  compute  the  longitude^  right  ascemiony  and  dec- 
lination  of  the  sun,  any  one  of  these  quantities^  together  with 
the  obliquity  of  the  ecliptic  j  being  given. 

Let  EPQP'  represent  the  equi- 
noctial colure,  EMQ,  the  equator, 
ESQ,  the  ecliptic,  E  the  first  point 
of  Aries,  S  the  place  of  the  sun, 
PSP'  an  hour  circle  passing 
\il  through  the  sun ;  then  EM  is  the 
sun's  right  ascension,  SM  his  dec- 
lination, ES  his  longitude,  and 
MES  the  obliquity  of  the  ecliptic. 
Then,  in  the  triangle  ESM,  we 
have 

tang.  HE  cot.  SE=R.  cos.  E ; 
that  is,  representing  the  obliquity  by  6>, 

tang.  R.  A.=tang.  Long.  cos.  6> (1) 

tang.  Long.= — ^ — '—-^ (2) 

COS.  6> 

R.  sin.  HE=tang.  MS  cot  E ; 

sin.  R.  A.=tang.  Dec.  cot.  (o (3) 

tang.  Dec.=:8in.  R.  A.  tang.  ^ (4) 

R.  sin.  MS=sin.  E  sin.  ES; 
sin.  Dec.=:sin.  a  sin.  Long (5) 

and  sin.  Long.= — r -. (6) 

8m.<o 


and 

Also, 
that  is, 
and 

Also, 
that  is. 
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Alsoy               R.  008.  ES=oos.  HE  oos,  MS ; 
that  is,  oois.  Long.=oos.  B.  A.  oos.  Deo •  (7) 

and  cos.  R.  A.=^^^'   ^^' (8) 

008-  Deo.  ^ 

Ex.  1.  On  the  1st  of  June,  1852,  at  G-reenwioh  mean  noon, 
the  sun's  right  asoension  was  4h.  38m.  0.888.,  and  his  deolina- 
tion  220  7'  Vi'\l  N. ;  required  his  longitude. 

By  formula  (7), 

008,  R.  A.=69^  3(y  13^^2=9.5442510 

008.  Deo. =9.9667958 
Longitude=7lo  4'  20'^3  oos. =9.5110468 

Ex.  2.  On  the  1st  of  January,  1852,  the  sun's  right  ascen- 
sion was  18L  44m.  49.47s.,  and  his  dedination  23'>  3'  28''.0  S. ; 
required  his  longitude. 

Ans.  280^  18^  2^^4. 

Ex.  3.  On  the  20th  of  May,  1852,  the  sun's  longitude  was 
590  33^  42'^5,  and  the  obUquity  of  the  eoUptio  23©  27'  29^^06 ; 
required  his  right  ascension  and  deoUnatum. 

By  formula  (1), 

tang.  Long. = 0.2309234 
oos.  6) =9.9625359 
570  21'  32''.94  tang.=0.1934593 
R.  A.=3h.  39m.  26.20s. 

By  formula  (5), 

sin.  Long. =9.9355960   . 
sin.  a>= 9.5999681 
Deo.  20^  4'  21''.96  sm.=9.5355641 

Ex.  4.  On  the  27th  of  October,  1852,  the  sun's  longitude  was 
2140  14/  45//.2,  and  the  obliquity  of  the  ecliptic  23°  27'  30".69 ; 
his  right  asoension  and  deolination. 

Am.  Right  asoension,  14h«  7m.  56.39s. 
Declination,  12"  56^  43".l  S. 


CHAPTER  Vm. 

PARALLAX. 

(203.)  The  fixed  s&rs  are  so  distant  firom  the  earth,  that 
their  relative  positions. are.  sensibly  the  same,'  from  whatever 
point  of  the  earth's  surfieioe  we  may  view  them.  It  is  otherwise 
with  the  smi,  moon,  and  planets,  which  are  near  enough  (es- 
pecially the  moon)  to  be  displaced  by  change  of  station  on  oar 
globe.  Two  spectators,  situated  on  different  points  of  the  earth's 
surface,  and  viewing  the  moon  at  the  same  instant,  do  not  see 
it  in  the  same  direction.  In  order  that  astronomers  residing  at 
different  points  of  the  earth's  surfiice  may  be  able  to  compare 
their  observations,  it  is  necessary  to  take  account  of  this  effect 
of  the  difference  of  their  stations,  and  it  is  convenient  to  adopt 
some  centre  of  reference  oommon.to  all  the  world,  to  which  each 
astronomer  may  reduce  his  observations.  The.  common  point 
of  reference  universally  agreed  upon  is  the  centre  of  the  earth ; 
and  the  difference  between  the  apparent  positions  of  a  heiaven- 
ly  body,  as  seen  from  the  surface  or  the  centre  of  the  earth,  lis 
called  its  parallax. 

Problem. 

(204.)  To  find  the  parallax  of  the  moon,  etc.^  in  altitude. 

Let  C  represent  the  centre  of  the 
earth,  A  the  place  of  the  observer  on 
its  surface,  M  the  moon,  and  CAZ  the 
direction  of  a  perpendicular  to  the  sur- 
face at  A.  Then  will  the. moon  be 
seen  from  A  in  the  direction  AM,  and 
its  apparent  zenith  distance*  will  be 
Z  AH ;  whereas,  if  seen  from  the  centre 
of  the  earth,  it  would  appear  in  the  di- 
rection CM,  with  an  angular  distance 
from  the  zenith  of  A  equal  to  ZCH ; 
so  that  ZAM-ZGM,  or  AMC,  is  the  parallax. 
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Let  us  put  r= AC,  the  radius  of  the  earth ; 

R=CH,  the  moon's  distance  from  the  earth's  cen- 
tre; 
.   2r=ZCM,  the  moon's  true  zeiiith  distance ; 
2r^=ZAM,  the  moon's  apparent  zenith  distance ; 
g=AMC,  the  moon's  parallax  in  altitude. 
In  the  triangle  ACM,  we  have 

CM :  CA ::  sIq.  CAM :  sin.  AMC, 

or  SUL  g=:^  sm.  s/; 

that  is,  the  sine  of  the  parallax  in  altitude=~7^ — ixso  eh 

Distance  of  body 

X  sine  of  the  apparent  zenith  distance. 

The  parallax,  therefore,  for  a  given  place,  and  a  given  distance 
of  the  body  observed,  is  proportional  to  the  sine  of  its  apparent 
zenith  distance,  and  is  therefore  the  greatest  when  the  body  is 
observed  in  the  act  of  rising  or  setting,  in  which  case  its  paral- 
lax is  called  its  Aort^rcm^a/.  parallax. 

If  we  designate  by  p  the  horizontal  parallax,  we  shall  have, 

whenr'=90o, 

•  .  r 

Hence  sin.  g=rsin.  p  sin.  z/ (1) 

that  is,  the  sine  of  the  parallax  in  altUvde  is  equal  to  the  sine 
of  the  horizontal  parallc^^  into  the  sine  of  the  apparent  zenith 
distance, 

(305.)  This  formula  furnishes  the  parallax  when  the  apparent 
zenith  distance  is  known,  but  when  the  true  zenith  distance  is 
given  we  require  a  different  formula,  which  is  obtained  as  fol- 
lows : 

The  angle  ZAM=ACM+AMC; 

that  is,  z^=z+q. 

Hence 
sin.  g=sin.p  sin.  {z+q) 

=sin.  p  sin.  z  cos.  g+sin.  p  cos.  z  sin.  g,  by  Trig.,  Art.  72. 

Dividing  each  member  by  cos.  g,  we  obtain 

tang.  g=sin.  p  sin.  z+sia.  p  cos.  z  tang.  q. 

Tin.  J.  sin.  o  sin.  z  .^v 

Whence  tang.  g=q :^ (2) 

1— sm.  p  COS.  z 


182  Practical  Astronomy. 

which  formula  fumi^es  the  parallax  in  altitude  when  the  true 
zenith  disrtance  is  known ;  but  the  expression  is  not  oonvenient 
for  computation  by  l(^arithms.  If  we  divide  the  numerator  of 
this  expression  by  the  denominator,  we  diall  have 
tang.  ^=sin.  p  sin.  z+sin.  ^  sin.  z  cos.  z+tan.  ^p  sin.  z  cos.  ^z+^ 
etc. 
But  by  the  Calculus,  Art.  324,  Ex.  2, 

^=tang.  q ^|^+>  ®to. 

Hence 
q=mn.  p  sin.  ar+sin.  ^p  sin.  z  cos.  z+sin.  ^p  sin.  z  cos.  ^z 

sin.  ^p  sin.  ^z  .      ,  .a\ 
^ 1-,  etc (A) 

But  by  Trig.,  Art.  73, 

sin.  2z 

SUL  Z  COS.  z  =  — ^ — . 

2 

Also,  Trig.,  Art.  79, 

sin.  3z=4  sin.  z  cos.  'jt— sin.  ar, 

and  cos.  'jr — 1  =  —  sin.  ^z. 

Therefore      sin.  z  cos.  ^z—sin.  z=:  —sin.  ^z; 

that  is,  sio.  32r=3  sin.  z  cos.  ^^r— sin.  ^Zy 

sin.  3z         .               o       sin.  ^z 
or  — 5 — =    sm.  z  cos.  '^ar — . 

Therefore,  by  substitution  in  equation  (A),  we  obtain 

,  sin.  *o  sin.  2z  ,  sin.  ^p  sin.  3z  ,      , 
q=zam.p  sm.  z-\ ^ 1 ^ h,  etc. 

If  we  wisb  to  have  q  expressed  in  seconds,  we  must  divide  by 
sin.  1^^,  and  we  shall  have 

sin.  p  sin.  z  .  sin.  V  sin.  2z  .  sin.  ^p  sin.  3z  .      .        .^x 

which  furnishes  the  parallax  in  terms  of  the  true  zenith  distance 
by  a  series  which  converges  rapidly. 

(206.)  The  parallax  of  the  sun  and  planets  is  so  small,  that 
we  may  employ  the  more  convenient  formula, 

q^p  sin.  z (4) 

without  sensible  error.  But  for  the  moon,  when  the  apparent 
zenith  distance  (as  affected  by  parallax)  is  known,  we  must  make 
use  of  formula  (1) ;  but  when  we  know  only  the  true  zenith  dis- 
tance, we  must  adopt  formula  (2)  or  (3). 
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Ex.  1.  If  the  horizontal  parallax  of  Venus  is  3(y^,  what  is  its 
parallax  for  an  altitude  of  30^  ? 

Solution.'— By  formula  (4),  log.  30^^=1.4771 

sin.  60Q  =  9.9375 
iln5.  26^^0=1.4146 
Ex.  2.  If  the  horizontal  parallax  of  Mars  is  10^^,  what  is  its 
parallax  for  an  altitude  of  34^  ? 

Solution.  .  log.  10^^ = 1.0000 

sm.  66Q= 9.9607 
Ans.  9"^= 0.9607 
In  this  manner  was  computed  Table  XY.,  showing  the  par- 
allax of  the  sun  and  planets  at  different  altitudes. 

Ex,  3.  If  the  horizontal  parallax  of  the  sun  is  8^^.6,  what  is 
its  paraDax  for  an  altitude  of  16°  ?  Ans.  8^^.27- 

Ex.  4.  If  the  moon's  horizontal  parallax  is  60^  41''^.5,  what  is 
her  parallax  when  her  apparent  zenith  distance  is  80^  19^  19^""  ? 
Solution.— By  formula  (1),      sin.  60'  41^^5 = 8 J246833 

sin.  80^  19^  19^^    =9.993775 
il?w.  59^  49^^67  sm.=8540608 
Ex.  5.  If  the  moon's  horizontal  parallax  is  60^  41''^.5,  what 
is  her  parallax  when  her  true  zenith  distance  is  79^  19^  29'''.33  ? 
Solution.'-^By  formula  (3), 

sin.  6(y  41^^5=8.246833 

sin.  790  19^  29'''.33=9.992418 

coseo.  1-^^=5.314425 

5y  38^^29=3578^^29=3.653676 


sin.  2p=6.4937 

sin.  1580  39/=9.5612 

coseo.  2^^=5.0134 


+ir^70= 1.0683 
sin.  ^p= 4.740 
sin.237o58''=9.928«. 
coseo.  3"' =4.837 
-0'''.32=9.505 
Hence  59^  38'^29+ll'''.70-.0^''.32=59'  49^^67  Ans. 
(207.)   If  the  earth  were  a 
sphere,  a  plumb  line  suspended 
at  0  would  take  the  direction 
OC,  passing  through  C,  the  cen- 
tre of  the  sphere;  and  if  pro- 
duced upward,  it  would  meet  the 
heavens, in  Z.     This  line,  ZOC, 
would  also  be  perpendicular  to 
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the  tangent  line  TOT^  But 
since  the  earth  is  a  spheroid,  the 
meridian,  FEP^Q,,  is  an  elUpsei 
and  a  plumb  line  at  0  being  per- 
>p|i  pendicular  to  a  tangent  line,  TT^, 
takes  the  direction  of  the  normal 
line,  ON;  and  NO  being  pro- 
duced, Ineets  the  celestial  sphere 
in  Ta.  The  latitude  obtained  by  observation  will  be  expressed 
by  the  angle  Z^N^.  This  is  called  the  apparent  or  geograph- 
teal  latitude;  while  Z  being  the  geocentric  zenith,  the  angle 
ZCQ,  is  called  the  geocentric  latitude.  ^  The  angle  CON  is  the 
angle  which  a.  vertical  line  makes  with  the  radius  of  the  earth, 
and  is  called  the  angle  of  the  vertical. 

Problem. 

(208.)  To  find  the  angle  of  the  vertical. 

Let  PEP^Q,  be  a  section  of  the  earth  by  a  plane  passing 
through  the  poles.  This  section  is  an  ellipse,  whose  semi-major 
axis,  CQ,  is  the  radius  of  the  equator,  and  whose  semi-minor 
axis,  CP,  is  half  the  polar  diameter.  If  0  be  the  position  of  an 
observer  whose  latitude  is  0,  TT^,  a  tangent  to  the  ellipse  at  the 
point  0,  will  represent  a  horizonted  line,  and  Z'^O,  which  is  per- 
pendicular, to  TT^,  will  be  the  direction  of  a  plumb  line.  Rep- 
resent the  aiigle  OCQ,,  or  the  geocentric  latitude,  by  ff/^  and 
draw  the  ordinate  OD.  Let  A  and  B  represent  the  semi-axes 
of  the  ellipse. 

W  ' 
A^ 
represents  the  abscissa  CD. 

But  OD=:CD  tang.  OCD=ND  tang.  OND, 

B« 


By  An.  Q-eom.,  Art.  80,  the  subnormal  ND=-^a;,  where  x 


or 


that  is. 


X  tang.  <l/=-^x  tang.  ^ ; 

B* 
tang.  0'=^  tang.  ^. 


,W 


The  value  of  j^,  as  determined  by  Bessel,  is  0.9933254. 

Ex.  1.  Compute  the  geocentric  latitude  of  Cambridge  Ob- 
servatory, whose  geographical  latitude  is  42^  22'  48^^6. 
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Solution.  log.  5 = 9.99709164 

tang.  42°  SS'  48^^6=9.96022854 
Ans.  42°  11'  21".06  tang. =9.95732018 
Hence  the  angle  of  the  vertical  is  11'  27".55. 
Ex.  2.  Compute  the  angle  of  the  vertical  for  latitade  40°  ? 

Solution.  log.  5!= 9.99709164 

A. 

tang,  400=9.92381353 
Ans.  390  48'  40^^24  tang. =9.92090517 
Hence  the  angle  of  the  vertical  is  11''  lO^'.TB. 
In  the  same  manner  was  computed  column  second  of  Table 
Xn.,  showing  the  angle  of  the  vertical  for  every  degree  of  lati- 
tude. 


(209.)  The  horizontal  parallax  of  the  moon  is  the  angle  which 
the  earth's  radius  would  subtend  to  an  observer  at  the  moon. 
It  is,  therefore,  not  the  same  for  all  places  on  the  earth,  but 
varies  with  the  earth's  radius.  It  is  necessary,  therefore,  to 
compute  the  earth's  radius  for  the  place  of  the  observer. 

Problem. 

To  compute  the  radius  of  the  earth. 

Let  EPQ,  be  half  of  the  ellipse  formed 

by  a  section  of  the  earth  through  the 

poles.     On  EQ,  describe  a  semicircle, 

and  produce  OD  to  meet  the  circum-  ' 

ferenoe  in  I.     Join  CO  and  CI.     Represent  the  angle  OCD  by 

if/ J  and  the  radius  OC  by  r.     Then,  in  the  triangle  OCD,  we 

have 

CD=OC  COS.  ^'=r  cos,  <(/ ; 

OD=OC  sin.  0'=r  sin.  <t>'. 
Also,  by  Conic  Sections,  Ellipse,  Prop.  12,  Cor.  3, 

B;A::DO;DI=^-*'-^-f 

But  CD«+DP=CP=A^ 

Therefore       r^  cos.  V+^ .  r»  sin.  V= A^ 

D 
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But,  by  Art  308,         ^,=P^. 
^  '         B*    tang,  ff/ 

sin  ^d/ 
Hence        r*  cos.  V+r*  r — '-^  tang.  ^=A*: 

^         tang.  0'  ^^  ^        ' 

or,  multiplying  by  cos.  0, 

r^  cos.  tf/  (cos.  ^'  COS.  0+sin.  ^^  sin.  0)=:A^  cos.  0. 
Hence,  by  Trig.,  Art.  72, 

r*  COS.  0^  COS.  (^^--0)=A*  COS.  ^. 

Therefore  r'= y°^-»       , (1) 

COS.  0'  COS.  (0—0) 

jE7x.  1.  Compute  the  earth's  radius  for  Cambridge  Observato- 
ry, the  equatorial  radius  being  taken  as  unity. 

The  angle  of  the  vertiiGal  was  found  in  the  preceding  article. 
By  formula  (1),  cos.  0=9.8684615 

sec.  0^=0.1302220 

sec.  (0"  -  0) = 0.0000024 

2)  9.9986859 

log.  r=9.9993429 

Ex.  2.  Compute  the  earth's  radius  for  latitude  40^. 

COS.  400=9.8842540 
seo.  39°  48'  40^^24=0.1145491 
sec.  IV  19^^76=0.0000024 . 

2)  9.9988055 
log.  r= 9.9994027 

Problem. 

(210.)  To  find  the  horizontal  parallax  for  any  place. 

Let  P  represent  the  horizontal  parallax  for  a  place  on  the 

equator,  p  the  same  for  a  place  in  any  other  latitude ;  let  r  and 

r'  be  the  radii  of  the  earth  for  the  two  stations ;  then,  by  Art 

204,  R  sin.  P=r; 

and,  for  the  same  reason, 

R.  s\iL.p=zr^, 

r^ 
Therefore,  sin.  »=—  sin.  P ; 

f 

or,  caUing  the  equatorial  radius  unity, 

sin.  p=^r^  sin.  P. 

As  r'  is  nearly  equal  to  unity,  we  may,  without  appreciable 

error,  adopt  the  more  convenient  formula, 
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that  is,  the  moon's  horizontal  parallax  for  any  given  latitude  is 
eqoal  to  the  horizontal  parallax  at  the  equator,  multiplied  by 
the  radius  of  the  earth  at  the  given  latitude,  the  radius  at  the 
equator  being  considered  as  unity. 

Ex.  1.  When  the  equatorial  horizontal  paraUax  is  53^,  what 
is  the  horizontal  parallax  for  Cambridge  Observatory  ? 

Solution.  53^=318(K^=3.6024271 

>  r"=9.9993429 
Ans.  3176'M9= 3.5017700 

Ex.  2.  When  the  equatorial  horizontal  parallax  is  59^,  what 
is  the  horizontal  parallax  for  latitude  40^  ? 

Solution.  59^=3540^^=3.5490033 

r"= 9.9994027 
Ans.  3535'M3=3.5484060 

It  is  this  oorreoted  value  of  the  equatorial  parallax  which 
should  be  employed  in  all  computations  which  involve  the  par- 
allax of  a  particular  place. 

Since  the  effect  of  parallax  is  confined  to  a  vertical  plane, 
when  the  moon  is  on  the  meridian  there  is  no  parallax  in  right 
ascension,  but  its  effect  is  wholly  on  the  declination.  *  In  every 
other  position  of  the  moon  (the  vertical  circle  passing  through 
the  moon  being  inclined  to  the  circle  of  right  ascension),  par- 
allax affects  the  right  ascension  as  well  as  declination  of  the 
moon. 

Problem. 

(211.)  To  compute  the  parallax  in  right  ascension. 

Let  HZO  be  a  meridian, 
Z  the  geocentric  zenitii  of  the 
place  of  observation,  and  P 
the  pole  of  the  equator.  Let 
A  be  the  true  place  of.  the 
moon  seen  from  the  centre 
of  the  earth,  and  B  the  ap- 
parent place  seen  from  the 
8nr&oe ;  then  will  the  arc  AB  be  the  parallax  in  altitude ;  and 
fhe  true  hour  angle^  ZPA,  is  changed  by  parallax  into  ZFB. 
Therefore  AFB  is  the  parallax  in  right  ascension. 
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Let  lis  represent  the  hori- 
zontal parallax  of  the  place 
hy  p;  the  parallax  in  right 
ascension  by  n ;  the  hour  an- 
gle, ZPA  (which  is  equal  to 
the  sidereal  time,  minus  the 
moon's  true  right  ascension), 
by  h  ;  the  moon's  declination 
(which  equals  90°— AP)  by  6;  and  the  geocentric  latitude  of 
the  place  of  observation  by  (j/.  The  angle  ZPB  will  then  be 
equal  to  k+U. 

In  the  spherical  triangle  ABP,  we  have 

A  Tfc     •     Tfc  *  -rfc     .      *  ^«  —     sin.  AB  sin.  B 

sm.  AP :  sm.  B ::  sm.  AB :  sm.  APB=sm.  n= : — rs • 

sm.  AP 

Also,  in  the  spherical  triangle  BPZ,  we  have 

•orr       .       -D-ori..    •       Tirr       •       n      Siu.  PZ  siu.  (APZ  +  Il) 

sm.  BZ :  sm.  BPZ ::  sm.  PZ :  sm.  B= -. — hj ^ 

sm.  BZ 

Therefore   ain.  n=°!°'  ^ . ^-  ^^,^A^+^\ 

sm.  AP  sm.  BZ 

But,  by  Art.  204, 

sin.  AB=sin.  p  sin.  BZ. 
„  .  sin.  p  sin.  BZ  sin.  PZ  sin.  (A+n) 

lienOe       Sm«II r- — t-tS — • -nrw 

sm.  AP  sm.  BZ 

_sin.  j?  COS.  0^  sin.  (k+U) 
COS.  6 

y   .  .  sin.  p  COS.  d/ 

Let  us  put  a= ^ — -^^. 

COS.  6 

Then 

sin.  n=a  sin.  (A+n) (1) 

=a  sin.  h  cos.  U+a  cos.  A  sin.  n.    Trig.,  Art  72. 

Divide  each  member  by  cos.  n,  and  we  have 
tang.  n=a  sin.  h+a  cos.  A  tang.  n. 

Therefore  tang.  n=r^^^^ (2) 

°         1— a  cos.  A  ^ 

This  formula  may  be  developed  in  a  series,  as  in  Art.  205,  and 

we  shall  obtain 

■„    a  sin.  A  .  a^  sin.  2A  ,  a'  sin.  3A  , .     ,  .«v 
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Equation  (1)  will  furnish  the  parallax  in-right  ascension,  when 
we  know  the  apparent  hour  angle  (as  affected  by  parallax) ;  but 
when  we  know  only  the  true  hour  angle,  A,  we  must  employ 
equation  (2)  or  equation  (3). 

Ex.  1.  Find  the  moon's  parallax  in  right  ascension  for  the 
High  School  Observatory,  Philadelphia,  Lat.  39^  51'  T'  N.,  when 
the  liorizontal  parallax  of  the  place  is  59^  36^^.8,  the  moon's  Dec* 
24°  5'  IV'.e  N.,  and  the  moon's  hour  angle  61^  lO'  47'' A. 

The  geocentric  latitude  of  the  place  is  39°  45^  47^^6. 

By  formula  (3), 
8ULj9= 8.239048 
COS.  0^=9.885754 
sec.  J=0.039563  a''=6.3287  03-4493 

a=8.164365         sm.  2A=9.9267         sin.  3A=8.791» 
sin.  ^ = 9.942572      cosec.  2^^=5.0134     cosec.  3" = 4.837 
oosec.  1^^=5.314425      +18^^57=1.2688       -0^^01=8.121^ 
2638".53=3.421362 
Hence 

n=2638'^53+18'^57-0^^01=44^  17^^09. 
Therefore  the  moon's  apparent  hour  angle  is 

61°  10'  4T'A+U'  IT'l 
=61^55'    4'^5. 

With  this  hour  angle  the  parallax  may  be  computed  by  form- 
ula (1),  thus :  a = 8.164365 

sin.  (A +n)= 9.945604 
Ans.  sin.  44'  17^^09=8.109969 

Ex.  2.  Find  the  moon's  parallax  in  right  ascension  for  the 
High  School  Observatory,  Philadelphia,  when  tha  horizontal  par- 
allax of  the  place  is  57'  7''.5,  the  moon's  Dec.  26°  23'  3".6  N., 
and  hour  angle  32°  39^  49".5. 

Solution. 

sin.  j9.= 8.220532 

COS.  0'= 9.885754 

sec.  d=0.047773  0^=6.3081  a^=4.4S& 

a=8.154059  sin.  2A=9.9584  sin.  3A=9.996 

sin.  A=9.732158  cosec.  2"=5.0134  cosec.  3" =4837 
ooseo.  1"=5.314425  19".05=1.2799  0"50=9.295 

1587'^24=3.200642 
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Hence  n= 1587^^24+ 19^^06 +0''.20= 26'  46^^49. 
Therefore  the  moon's  apparent  hour  angle  is  33^  6'  Z&^d, 
By  formula  (1),  a = 8.154059 

sin.  (A +n)= 9.737390 
Ans.  sin.  26'  46''.49= 7.891449 

Ex.  3.  Find  the  moon's  parallax  in  right  ascension  for  West- 
em  Reserve  College,  Ohio,  Lat.  41°  14'  42",  when  the  horizon- 
tal parallax  of  the  place  is  59'  36".5 ;  the  moon's  Dec.  24°  4' 
41".7  N.,  and  hour  angle  68°  9'  51".9.  Ans.  45'  56".5. 

Ex.  4.  Find  the  moon's  parallax  in  right  ascension  for  West- 
em  Reserve  College,  Ohio,  when  the  horizontal  parallax  of  the 
place  is  57'  7".7 ;  the  moon's  Dec.  26°  24'  31".6  N.,  and  hour 
angle  23°  13'  12".0.  Ans.  19'  12".6. 

In  this  manner  was  computed  Table  XYI.,  showing  the  moon's 
parallcLX  in  right  ascension  for  Cambridge  Observatory  for  all 
hour  angles  from  the  meridian  to  the  horizon. 

Problem. 

(212.)  To  compute  the  moovUs  parallax  in  declination. 

Let  Z  be  the  geocentric  sse* 
nith  of  the  place  of  observa- 
tion, P  the  pole  of  the  equa- 
tor, A  the  true  place  of  the 
moon,  and  B   its   apparent 
place ;  then  AB  is  the  paral- 
lax in  altitude,  and  BP— AP 
is  the  parallax  in  declination. 
Represent  the  true  declination,  zenith  distance,  and  hour  an- 
gle of  the  moon  by  d,  Z,  and  h  ;  and  the  apparent  values  of  the 
same  quantities  by  the  same  letters  accented,  ((',  Z',  and  A'. 
Also,  let  n  represent  the  parallax  in  declination. 

By  Trig.,  Art.  225,  we  have 

.     COS.  a— -COS.  b  COS.  c 

COS.  A  = ; ; : . 

sm.  o  sm.  c 
This  formula,  applied  successively  to  the  triangles  APZ  and 
BPZ,  gives 

000.  AP— -COS.  PZ  COS.  AZ    cos.  BP— cos.  PZ  cos.  BZ 


oos.AZP= 


sin.  PZ  sin.  AZ  sin.  PZ  sin.  BZ 
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Therefore 

sin.  (J— sin.  ^'  cos.  Z_sin.  d^— sin.  ^^  oos.  7a\ 
sin.  Z  ""  sin.  7/  ' 

that  is, 

sin.  6  sin.  Z''— sin.  0^  sin.  Z^tK)s.  Z=sin.  ((^  sin.  Z 

—sin.  0^  sin.  Z  oos.  Z^ 


or 


sin.  J  sin.  Z^— sin.  ^'^  (sin.  7/  cos.  Z— -sin.  Z  cos.  TI)  =sin.  d^  sin.  Z. 

But  by  Trig.,  Art.  72,  the  £eu)tor  included  within  the  paren- 
thesis is  equal  to  sin.  (Z'— -Z),  which,  by  Art.  204,  is  equal  to 
sin.  ^,  or  sin.  p  sin.  71, 

Therefore 

sin.  6  sin.  Z^— sin.  p  sin.  0^  sin.  Z^=sin.  6'  sin.  Z, 
or  sin.  6'  sin.  Z=:sin.  Z^  (sin.  d—sin.  p  sin.  ^0  •  •  (•^) 

Now,  in  order  to  eliminate  7/  and  Z,  we  have,  in  the  spherical 

triangles  AZP  and  BZP, 

.      .„^    sin.  AP  sin.  APZ    sin.  BPsm.BPZ 

sin,  AZP= ; — j^ = ,—^^ . 

sin.  AZ  sin.  BZ 

Therefore 

sin.  BZ  sin.  AP  sin.  APZ 


sin.  BP  sin.  AZ=' 


sin.  BPZ 


..    .     rr    Sin.  7/  COS.  (J  sm.  h  .-.v 

or  COS.  d  sm.  Z= ; — j-, ....  (B) 

sm.  W  ^ 

Dividing  equation  (A)  by  equation  (B),  we  obtain 

,,    sin.  (J— sin.  p  sin.  d>^    .     , . 

tang.  J'= . — .— ^'  ^    ^  .sm.  h\ 

°  sm.  h  COS.  o 

Hence  tang.  ^J^J^d^^^£pV 

\co8. 6  COS.  6     Jsm.  h 

A     sin.  I?  sin.  ^Asih.  A^ .         .  .^. 

=(1 ,     ^       ]  '    \  ^»Pg'  ^  '  •  •  (1) 

\  sm.  6      /sm.  A       °  ^  ' 

(213.)  Formula  (1)  furnishes  the  apparent  declination  in  terms 
of  the  true  declination,  the  true  hour  angle  and  the  apparent 
hour  angle,  which  is  obtained  by  the  preceding  problem.  It  is 
the  simplest  formula  known  for  the  parallax  in  declination ;  but 
in  order  to  obtain  all  the  accuracy  which  is  required  in  many 
computations,  it  is  necessary  to  have  a  table  of  sines  and  tan- 
gents to  seven  decimal  places  for  every  second  of  the  quadrant. 
It  is,  therefore,  sometimes  more  convenient  to  have  a  formula 
which  shall  furnish  the  parallax  directly. 
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From  the  last  equation  but  one  we  have 

tang.  6*  sin.  A__ .         ^    sin.  p  sin.  ^^ 

sin.  h'       ""  COS.  6      ' 

,                  .         ,    tang.  6'  sin.  A    sin. » sin.  ^' 
whence         tans,  o—      ^ =-• — ^^- ^i 

or 

tang,  d-tang.  d'+tang.  ^._tang. /- sin.  &^sm.p8in.<^- 
e  «B      ^««-*B  sm.  A'  cos.  d 

But    tang.cJ-tang.cJ'rr^^Jlzil.     Trig.,  Art  76. 
°  COS.  6  COS.  (J' 

Therefore 

sin.  (d-<r)  ^sin.  p  sin.  »-_taDg.  6'         ^,_^  ^ 

COS.  d  COS.  6'  COS.  d  sin.  W 

But  by  Trig.,  Ajt  76, 

sin.  A'— sin.  A=2  sin.  i(A^— A)  cos.  i(A^+A) 

=2  sin.  in  cos.(A+in). 

Therefore 

sin.  TT      _sin.  p  sin.  ^'    2  sin,  jn  cos.  (A+jn)  tang.  cT 

COS.  (J  COS.  d'""      COS.  d  sin.  A' 

But  by  Trig.,  Art.  74, 

^   .      ,„      sin.  n      1.11     A-L  oil     sin. /?  cos.  0^  sin.  A" 

2  sm.  in= =—,  which,  by  Art.  211= ^         .^ — . 

COS.  in  COS.  6  cos.  in 

Therefore 

sin.  7r=sin.  p  sin.  ^'  cos.  6^ 

—sin.  j»  COS.  0'  COS.  (A+in)  sec.  in  sin.  6'    ,  (C) 

Let  us  put 

cot.  6=cos.  (A+in)  cot  <l/  sec.  in    (D) 

Then 

sin.  7r==sin.  p  sin.  0^  cos.  d^— sin.  p  sin.  <l/  sin.  d^  cot  b 

.  Ycos.  d'  sin.  6— sin.  d'  cos.  6\ 

=sm.  p  sin.  A^l : — ; I 

\  sm.  o  ) 

jm.  p  ain.  ^'  ^  By  Trig.,  Art  72. 

sm.  6  ^         /        .r       D  7 

T   ^        1  .  sin.  p  sin.  0' 

Let  us  also  put  c= ^ — r—^, 

sm.  0 

Then  sin.  7r=:c  sin.  (6— d+7r) (2) 

But  by  Trig.,  Art  72, 

sin.  (6— d+7r)=sin.  (6— d)  cos.  tt+cos.  (6— d))sin.  tt. 

Therefore 
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sin.  7r=c  sin.  (6— J)  cos.  n+c  cos.  (A— <5)  sin.  m 
Dividing  by  cos.  tt,  yre  have 

tang.  7r=c  sin.  (b—6)+c  cos.  (6—^)  tang.  n. 
"Whence 

tana  ^__?_^M*-<5) 

Developing  this  formula  in  a  series,  as  in  Art.  205,  we  obtain 


_c  sin.  (6-d)  ,  c^  sin.  2{b-d)  .  c^  sin.  3(6 -d) 


7r= 


+ 


+-,  etc.  (4) 


sm.  V'  sin.  2''  sin.  3^^ 

Equation  (2)  will  furnish  the  parallax  in  declination  when  we 
know  the  apparent  declination  (as  affected  by  parallax).  But 
when  we  know  only  the  true  declination,  we  must  employ  equa- 
tion (1),  or  (3),  or  (4). 

(214.)  The  auxiliary  an- 
gle b,  introduced  in  equation 
(D)y  has  a  geometrical  sig- 
nification. 

If  we  draw  the  arc  PC, 
bisecting  the  angle  APB,  we 
shall  have  APC  =  in,  and  h' 
2iPC =h+ in,  whence  equa- 
tion (D)  becomes 

cot.  6= cos.  ZPC.tang.  PZ  sec.  APC, 
or  cot.  b  COS.  APC = tang.  PZ  cos.  ZPC   ....  (1) 

If  we  draw  Zb  perpendicular  to  PC,  Vab  will  be  an  isosceles 
triangle,  and  we  shall  have,  by  Napier's  rule, 

tang.  Pc=tang.  Pa  cos.  APC = tang.  PZ  cos.  ZPC  .  (2) 

Comparing  equations  (1)  and  (2),  we  see  that  the  arc  6  is  the 
complement  of  Pa,  or  the  arc  b  is  equal  to  the  declination  of  the 
point  a.  If  we  produce  the  arcs  PA  and  PB  to  meet  the  equa- 
tor EQ,  then  aM  or  6N  will  represent  the  arc  b. 

But  AM=<J. 

Therefore  Aa = 6 — d. 

Also,  BN=<5^=(J-7r. 

Therefore  B6=6— (<J-7r)=6-<J+7r. 

Also,  by  Spherical  Trigonometry,  Art.  215, 

sin.  2iaA :  sin.  ZA ::  sin.  AZa :  sin.  Aa, 
and  sin.  ZB :  sin.  ZfrB ::  sin.  Bfr :  sin.  BZ6. 

N 
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Therefore,  since  Vab  is  an  isosceles  triangle,  we  have 
sin.  ZB :  sin.  ZA ::  sin.  Bb :  sin.  Aa, 
sin.  z''    sin.  {b—6+n) 
sm.  z        sin.  {0—6) 
This  equation  will  be  employed  in  Art.  218,  page  200. 
Ex.  1.  Find  the  moon's  parallax  in  declination  for  the  Hi^ 
School  Observatory,  Philadelphia,  when  the  horizontal  parallax 
of  the  place  is  59^  36'^8,  the  moon's  Dec.  24°  5'  11''.6  N.,  the 
moon's  hour  angle  61°  10^  47''.4,  and  the  parallax  in  right  as- 
cension 44"  17'M. 

Solution.'^'&y  formula  (1),  page  191, 

sin.j»=  8.2390478 

sin.  0'=  9.8059193 

cosec.  (5=103892161 

.02717585  =  8.4341832 

.97282415=  9.9880344 

sin.  A"=  9.9456035 

tang.  <J=  9.6503464 

cosec.  A =10.0574279 

d"=23o  39"  V\5Q  tang.=  9.6414122 

Therefore  7r=24o  5"  ir".6-23o  39/ 1//.60=26"  10"M. 

By  formula  (4),  page  193,    cos.  (A+ in)  =  9.677980 

cot.  0"= 0.079834 
sec.  in =0000009 
ft =60°  12"  22"".2  cot. =9.757823 
J=24o    5"  11"".6 
6-<J=36o    7"10"".6 

sin.  p= 8.239048 
sm.  0"= 9.805919 

cosec.  b  =  0.061571  c^ = 6.2131  c^ = 4.320 

V:=8.106538  sin. 2(6 -J) =9.9788  sin. 3(6 -(J)= 9.977 

sin.  {b-6)  =  9.770464  cosec.  2"" =5.0134  cosec.  3"" = 4.837 

cosec.  1""  ==5.314425  16"".04= 1.2053  0"".U=9.134 
1553"".91  =  3.191427 

7r=1553"".91  +  16"".04+0"".14=26"  10"".l. 
Therefore  the  moon's  apparent  declination  is 

240    5"  ll"".6-26' lO^M 
=23039"    1"".5N. 
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With  this  declination  the  parallax  may  be  computed  by  fonn- 
^  (2)}  page  192,  thus : 

c=8.106538 
sin,  (ft  ~  dp  =  9.774963 
sin.  26^  10^^1=7.881501 
Ex.  2.  Find  the  moon's  parallax  in  declination  for  the  High 
School  Observatory,  Philadelphia,  when  the  horizontal  parallax 
of  the  place  is  57^  7'^5,  the  moon's  Dec.  26°  23''  3'\6  N.,  the 
moon's  hour  angle  32^  39^  49^^5,  and  the  parallax  in  right  as- 
cension 26'  46'^5. 

Solution, — ^By  formula  (4), 

COS.  (A+in)=9.924147 
cot.  0^=0.079834 

sec.  in=aooooo3 

j-440  44/ 13//.7  cot=0.003984 
J=26Q  23"    3'^6 
6-d=18o2r  lO'M 

sin.  p= 8.220532 

an.  0^=9.805919 

cosec.  6=0152517 

c=8.178968  c»=6.3579  c^=4.537 

sin.  (A-(J)  =  9.498128  sin. 2(ft-(J)= 9.7765  sin.3(ft-<J)  =  9.914 

ooeec.  V = 5.314425  cosec.  2'' =5.0134  cosec.  3'' =4.837 

980^^67 = 2.991521  14^^06 = 1.1478  (y'.19  ="9:288 

7r=980'^67+ W.06+0'M9=16' 34'^92. 

Therefore  the  moon's  apparent  declination  is 

26^23"    3^^6-16'' 34'^9 
=26°    6"28"^7N. 
With  this  declination  the  parallax  may  be  computed  by  form- 
ula (2),  thus : 

c=8.l78968 

sin.  (6-^0=9.504392 
sm.  16"  34^^92=7.683360 
Ex.  3.  Find  the  moon's  parallax  in  declination  for  Western 
Reserve  College,  Ohio,  when  the  horizontal  parallax  of  the  place 
is  69"  36"".5,  the  moon's  Dec.  24°  4"  41"".7  N.,  and  hour  angle 
68'>  9"  51"".9 ;  and  the  parallax  in  ri^t  ascension  45"  56"".5. 

Ans.  29"  17"".9. 
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Ex.  4.  Find  the  moon's  parallax  in  decimation  for  Western 
Reserve  College,  Ohio,  when  the  horizontal  parallax  of  the  place 
is  57'  7'^7,  the  moon's  Dec.  26°  24'  SV'.5  N. ;  the  hour  angle 
is  23°  13'  12''.0,  and  the  parallax  iii  right  ascension  19'  12".6. 

Ans.  16'  15".8. 

The  effect  of  parallax  is  always  to  increase  the  hour  angle,  or 
the  angular  distance  of  the  moon  from  the  meridian ;  hence, 
when  the  moon  is  on  the  eastern  side  of  the  meridian,  the  par« 
allax  in  right  ascension  inwreases  the  true  right  ascension  of  the 
moon ;  but  when  the  moon  is  on  the  western  side  of  the  merid- 
ian, the  parallax  diminishes  the  right  ascension.  The  parallax 
in  decUnation  increases  the  distance  of  the  moon  from  the  north 
pole  in  both  situations. 

In  the  computation  of  occultations  of  stars  by  the  moon,  it  is 
convenient  to  know  the  change  which  the  parallaxes  undergo  in 
a  given  interval  of  time,  as,  for  example,  in  one  hpur.  This  may 
be  effected  by  differentiating  the  expressions  already  obtained 
for  the  parallaxes. 

Problem. 

(215.)  To  find  the  hourly  variation  of  the  parallax  in  right 
ascension. 
Equation  (1),  of  Art.  211,  is 

„     sin.  p  COS.  d/  sin.  A' 

sm.  n= -^ . 

COS.  6 

Since  the  arcs  n  and  p  are  in  all  cases  small,  they  will  differ 
but  little  from  their  sines,  and  sin.  h^  differs  but  little  from  sin. 
h;  we  will  therefore  employ  the  more  convenient  formula, 

jj__p  COS.  ^'  sin.  h 

II T  • 

COS.  6 

In  this  formula  h  is.  the  only  quantity  which,  by  its  rapid  va- 
riation, has  any  important  influence  on  the  quantity  sought 
Hence,  regarding  h  as  the  only  variable,  we  obtain 

,   __j9  COS.  0'  COS.  hdh 
COS.  6 

The  diflerential  of  h  must  be  taken  in  parts  of  radius.  If  the 
variation  is  required  for  one  hour,  dh  will  represent  the  arc  of 
15^,  which  is  .2617994,  radius  being  unity, 
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,  Ex.  1.  Find  the  hourly  variatkm  of  the  moon's  parallax  in 
right  asoension  for  Cambridge  Observatory,  whose  geocentric 
latitude  is  42^  ll''  2V%  when  the  horizontal  parallax  of  the 
place  is  57^,  the  moon's  Dec.  25^,  and  the  hour  angle  50^. 

Solution.  jD = 57^ = 3420^^ = 3.534026 

COS.  4^^=9.869778 

cos.  A =9.808067 

dh = .2617994 = 9.417969 

sec.  d=0.042724 

470^^5=2.672564 

Ex.  2.  Find  the  hourly  variation  of  the  moon's  parallax  in 
right  ascension  for  Cambridge  Observatory,  when  the  horizontal 
parallax  of  the  place  is  61^,  the  moon's  Dec.  20^,  and  the  hour 
angle  15°.  Ans.  729^^8, 

Problem. 

(216.)  To  find  the  hourly  variation  of  the  parallax  in  dec- 
tination. 

Equation  (C),  of  Art.  213,  is 
sin.  7r=sin.  p  sin.  <l/  cos.  d^^mn.  p  cos.  0^  cos.  h  sec.  ^n  sin.  6^. 

Substituting  the  arcs  tt  and  p  for  their  sines,  and  using  6  m 
place  of  d^,  we  obtain  the  following  more  convenient  formuia, 
which  affords  an  approximate  value  of  tt, 

n=p  sin.  <l>^  COS.  6—p  cos.  <l/  cos.  A  sin.  6. 

Differentiating  this  formula,  regarding  A  as  the  only  variable, 
we  obtain 

dn-^p  COS.  <l/  sin.  d  sin.  A^^A. 

Ex.  1.  Find  the  hourly  variation  of  the  moon's  parallax  in 
declination  for  Cambridge  Observatory,  when  the  horizontal  par- 
allax of  the  place  is  57^"  the  moon's  Dec.  25°,  and  the  hour  an- 
gle 50°. 

Solution.  j»= 3.534026 

COS.  0^=9.869778 

sm.  (J =9.625948 

sin.  A =9.884254 

dA=9.417969 

214^^.8=2.331975 

Ex.  2.  Fmd  the  hourly  variation  of  the  moon's  parallax  in 
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declination  for  Cambridge  Observatory,  when  the  horizontal  par- 
allax of  the  place  is  61^,  the  moon's  Dec.  30^,  and  the  hoar  an- 
gle 15°.  Ans.  62'^8. 


(217.)  The  apparent  diameter  of  the  moon  is  the  angle  which 
its  disk  subtends.  This  angle  is  not  the  same  for  all  points  of 
the  earth,  on  account  of  their  different  distances  from  the  moon. 
As  the  moon  rises  above  the  horizon  (if  we  suppose  its  distance 
from  the  centre  of  the  earth  to  remain  constant),  its  distance 
from  the  place  of  observation  must  diminish  while  its  altitude 
increases,  and,  consequently,  its  apparent  diameter  must  increase. 

Problem. 

To  find  the  augmentation  of  the  moorCs  semi-diameter  on 
account  of  its  altitude  above  the  horizon. 

Let  G  and  M  be  the  cen- 
tres of  the  earth  and  moon, 
and  A  a  point  on  the  earth's 
surface.  The  semi-diameter 
of  the  moon,  as  seen  from  C, 
is  the  angle  BOM;  but  the 
semi-diameter,  as  seen  from 
A,  is  the  angle  B^AM. 

Represent  the  angle  BCM 
by  S;  the  angle  B'AM  by  S^• 
the  angle  ZCM  by  Z,  and  the 
angle  ZAM  by  Z\ 
Then,  in  the  right-angled  triangle  BCM,  we  have 

BM 


sin.  BCM = sin.  S= 
Also,  in  the  triangle  B^AM,  we  have 

sin.  B'AM=sin.  S'= 


CM" 


FM 
AM' 


Hence    sin.  S :  sin.  S 


y  •• 


BH  B'M 


::  AM :  CIC. 


"CM*  AM 
But  in  the  triangle  CAM  we  have 

AM :  CM ::  sin.  ACM :  sin.  CAM ::  sin.  Z :  sin.  Z'. 
Therefiire       sin.  £1 :  sin.  S' ::  sin.  Z :  sin.  Z', 
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oy    sui«  S  sin.  7/  ... 

or                              sin.  S^= ; — = (A) 

sm.  Z  ^   ' 

But  since  S  never  amounts  to  \T^  we  may  substitute  the  arc 
for  its  sine,  and  we  obtain 

S.sin.  Z^ 


S'= 


Hence  S'^S-&, 


sin.  Z 
sin.  Z''— sin.  Z 


sin.  Z       ' 

wUoh  represents  the  augmentation  of  the  moon's  semi-diame- 
ter, as  seen  from  a  point  on  the  earth's  surfeice  instead  of  its 
centre ;  Z  being  the  zenith  distance  of  the  moon  viewed  from 
the  centre,  and  7/  the  zenith  distance  as  seen  from  the  surface. 
But  by  Trig.,  Art.  75, 

sin..Z"-sin.  Z=2  sin.  i(Z^-Z)  cos.  i(Z'+Z). 
Hence 

a;=S'-.S=-.3^.sin.  J(Z^-Z)  cos.  i(Z^+Z). 

sm.  Z 

If  we  represent  the  parallax  in  altitude  by  9,  we  shall  have 

Z  =  Z'-^. 

Hence        x  =  -: — -=- r  sin.  \  q  cos.  {7/  —  ^q). 

sm.  (i/  —  q) 

But  since  the  angle  q  is  always  small,  we  may,  without  sensi- 
ble error,  put  q  for  sin.  ^,  and  make  cos.  q  equal  to  unity.    Hence 

S.qQo&.{Z'-'hQ) 
sin.  (Z'-q)      ' 

But  by  Trig.,  Art.  72, 

cos.  (Z^— i^)=cos.  Z'  COS.  i^+sin.  7/  sin.  ^q. 
Also,      sin.  (Z^— ^)=sin.  Z'  cos.  ^— cos.  Z^  sin.  q. 
Hence  ^^g.g(oos.  Z-+^g  sm.  ZQ 

sm.  Z'—q  cos.  Z' 
But,  according  to  Burckhardt's  Tables  of  the  Moon,  we  have 

S:;/::  1:3.6697. 
If  we  represent  3.6697  by  A:,  then 

p—k,S. 
And  by  Art.  204, 

qz=zk.  8  sin.  Z^ 

Therefore 

fe^sin.  Z'  (cos.  Z'+jk.S  sin.  ^ZQ 

^-        sin.  Z^-Ar.S  sin.  Z^  COS.  Z^        ' 
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_A?.g?(cos.  Z'+jk.S  sin.  ^ZQ 
""'  ^""  l-Ar.Scos.  Z'  • 

Dividing  the  numerator  by  the  denominator  in  order  to  de- 
velop this  expression  into  a  series,  we  obtain 

x=k.S^  COS.  Z'+ik^S^+ik\S^  cos.  ^Z'+j  etc. 
If  we  put  A = A:  sin.  1^^  =  0.00001779,  we  shall  have  for  the 
augmentation  expressed  in  seconds, 

a:=AfiPcos.  Z^+M^S^+iA^S^cos-^Z^+jeto.  .  (1) 
By  this  formula  was  computed  Table  XIIL,  by  which  the 
augmentation  of  the  moon's  semi-diameter  may  be  obtained  by 
inspection. 

(218.)  When  the  parallax  in  declination  has  been  previously 
computed,  the  following  method  is  preferable : 
By  Art.  214,  page  194, 

sin,  Z^_sin.  (6— (J+tt) 
sin.  Z        sin.  {b—6) 
Hence,  from  equation  (A),  page  199, 

.      „,_sin_S  sin.  (6— (J+tt) 

sm.  O   —  , —; V  % 

sin.  (6-d)         ' 

J      .      „/      •      cf    sin.  S{sin.  (6— d+ff)— sin.  (6— d)} 

and    sm.  S'^— sm.  S= ^ — r,— ^ ^^ —- 

sm.  {b—6) 

But  by  Trig.,  Art.  75, 

sin.  (6— d+7r)— sin.  (b—6)=2  sin.  ^n  cos.  {b—S+iir), 
Therefore 

«/       •      c»     sin.  S.2  sin.  Jtt  COS.  (*— d+i7r) 
sm.  S^— sm.  S= ,-^-~ -^^ *  \ 

sm.  (o — 6) 
But  since  the  arcs  S,  S%  and  n  are  very  small,  we  may  put 

S=sin.  S,  and  2  sin.  J7r=sin.  n, 

Henoe       x^  S'-  S=  ^  "°-  ^/^-  (^-'^+^u) 

sm.  (b—6) 
But  by  Trig.,  Art.  72, 

009.  (b—d+i'n)=coa.  {b—d)  cos.  ^tt— sin.  {b—6)  sin.  Jtt. 

Hence 

_  S .  sin.  TT  {cos.  (b—6)  cos.  ^tt— sin.  (b—6)  sin.  in] 

^  sin.  (b-6)  ' 

or  x=  S  sin.  n  cot.  (b—6)  cos.  in—  S  sin.  n  sin.  ^n. 

If  we  assume  cos.  in  equal  to  unity,  and  sin.  in  equal  to  i 

sin.  TT,  we  shall  have 

a;=S  sin.  n  cot  (b—6)  —  iS  sin.  V  ....  (2) 
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When  we  know  the  moon's  apparent  altitude,  we  may  com- 
pute its  apparent  diameter  hy  equation  (1),  or  take  it  directly 
from  Table  XIII. ;  but  when  the  parallax  in  declination  has  been 
computed,  it  is  better  to  employ  equation  (3.)  The  value  of 
(6— d)  is  obtained  by  Art.  213,  page  192. 

Ex.  l.*Calculate  the  augmentation  of  the  moon's  semi-diam* 
eter  when  its  true  semi-diameter  is  16^  30^^,  and  its  apparent 
altitude  66''. 

Solution. — ^By  equation  (1),  page  200, 

16' 30^^=990^^=2.99564  fiP^8.9869 

2  A2= 0.5004 

S2=5.99128  0.5=9.6990 

A=5.25021  0M5=9.1863 

COS.  Z' = 9.96073  cos.  ^Z'= 9.9215 

15^^93 = 1.20222  0'M3 = 9.1078 

Hence  15^^93+ 0^^15+0^^13=16^^21,  the  augmentation, 

the  same  as  given  in  Table  XIII. 

Ex.  2.  Calculate  the  augmentation  of  the  moon's  semi-diam- 
eter in  Ex.  1,  Art.  214,  when  the  horizontal  semi-diameter  is 
16"  16'^0. 

Solution.'-^By  equation  (2),  page  200, 

16"  16"'=976'"=2.98945  488''=2.688 

7r=26"  lO'M    sm.=7.88150  sin.  ^=5.763 

6-(5=36o  7'  IV  cot. =0.13683  0^^03=8.461 

10"M8= 1.00778 
Hence  the  augmentation  =  10^^18 -0"^03 =10^^15. 

Ex.  3.  Calculate  the  augmentation  of  the  moon's  semi-diam- 
eter in  Ex.  2,  Art.  214,  when  ihQ  horizontal  semi-diameter  is 
15"  37"M.  Ans.  13"".6. 

When  the  moon's  hour  angle  is  known,  its  altitude  may  be 
taken  from  a  celestial  globe  with  sufficient  precision  to  furnish 
the  augmentation  of  its  semi-diameter  within  one  or  two  tenths 
of  a  second,  by  means  of  Table  XIII. 

Ex.  4.  Calculate  the  augmentation  of  the  moon's  semi-diam- 
eter in  Ex.  3,  Art  214,  when  the  horizontal  semi-diameter  is 
1&  1&\Q.  Am.  8^^84. 


CHAPTER  EC. 

MISCELLANEOUS  PROBLEMS. 
INTERPOLATION    BY  DIFFERENCES. 

(219.)  It  is  frequently  required,  from  a  series  of  equidistant 
terms  following  any  law  whatever,  to  deduce  some  intermedi- 
ate term.  Thus,  in  the  Nautical  Almanac,  we  have  given  the 
moon's  right  ascension  for  every  hour  of  the  day,  and  from  these 
data  it  may  he  required  to  determine  its  right  ascension  for  some 
intermediate  instant.  This  is  effected  hy  interpolation.  The 
quantities  upon  which  the  values  of  the  given  magnitudes  de- 
pend are  called  Arguments,  Time  is  generally  the  argument 
in  astronomical  tables. 

Let  a^^,  a„  a,  a^  a'  a^'  a"^ 

he  the  given  places  of  the  moon,  corresponding  to  the  times 

T-3A,  T-2A,  T~A,  T,  T+A,  T+2A,  T+3A, 
where  A  may  represent  any  interval  of  time  at  pleasure.  These 
places  may  he  right  ascensions  or  declinations,  longitudes  or 
latitudes,  or  magnitudes  of  any  other  kind.  Subtract  the  first 
term  of  the  series  from  the  second,  the  second  from  the  third, 
and  so  on,  giving  to  each  remainder  the  sign  which  results  from 
the  rules  of  algebra ;  and  let  the  first  order  of  differences  be  rep- 
resented by  h,„  b„  6„  etc.  Subtract  each  of  these  first  differ- 
ences from  the  one  next  below  it,  for  a  second  order  of  differ- 
ences, paying  attention  to  the  signs,  and  represent  these  differ- 
ences by  c,„  c„  c^j  etc.,  and  proceed  in  the  same  manner  for  the 
third,  fourth,  etc.,  orders  of  differences,  as  represented  in  the  fol- 
lowing table : 
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Time  or 
Argament. 

Quantities. 

let  DUr. 

SdDUr. 

sdDifr. 

AhDUr. 

5th  Diff. 

0th  Dur. 

T-3A 

«/// 

*/// 

T-2A 

«// 

*.. 

^/// 

d^u 

• 

T-  A 

«/ 

K 

c,. 

d„ 

^/// 

/... 

T 

«o 

c. 

-d,— 

«// 

—u— 

O /// 

Oq' 

T+  A 

a' 

Co 

«/ 

g"// 

« 

b' 

do 

f, 

T+2A 

a'' 

A- 

& 

d' 

Co 

T+3A 

a''' 

J/// 

&' 

T+4A 

^//// 

* 

If  we  put  a^*^  to  represent  that  term  of  the  series  which  fol- 
lows ao  at  the  interval  /,  then,  as  shown  in  Algebra,  Art.  297, 
we  shall  have 

Ex,  1.  Given  the  moon's  right  ascension  as  follows: 


Date. 

Right  ABcenaion. 

lit  Difference. 

ad  DifTerenoe. 

18S5. 

*. 

k.    m.         9. 

m. 

9. 

9. 

February  1, 

0 

8  34  36.65 

+2 

5.65 

1 

8  36  42.30 

+2 

5.44 

-0.21 

2 

8  38  47.74 

+2 

5.23 

-0.21 

- 

3 

8  40  62.97 

+2 

5.00 

-0.23 

4 

8  42  57.97 

Required  the  moon's  right  ascension  at  February  1,  Oh.  15m. 
Here  a© = 8h.  34m.  36.65s. ;  *o  =  +  2ra.  5.66s. ;  Co  =  -  0.21s. ; 
and  t= 15m. = .25  in  parts  of  an  hour.     Therefore 

a<*>=8h.  34m.  36.65s. + 125.65  x  .25+^  x  .25  x  .76 

=8h.  34m.  36.65s. + 31.41s. + 0.02s. 
=8L36m.    8.088. 
Table  XXIII.,  page  393,  gives  the  coefficients  of  each  order 
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of  differences  for  every  hundredth  part  of  the  unit  of  time  elaps- 
ing between  the  given  terms  of  the  series.  In  the  preceding 
example  the  second  differences  are  sensibly  constant  In  the 
following  example  the  numbers  appear  more  irregular. 

Ex.  2.  Given  the  right  ascension  of  the  moon's  limb  for  the 
upper  and  lower  transit  at  Washington,  as  follows : 


Date.          1  Right  Ascens. 

let  Diir. 

2dDiff'. 

SdDiflT 

4th  DUr. 

5th  DilT. 

1S59.                  k.    m.      9. 

m.       9. 

9. 

9, 

9. 

9. 

July  3,  L.  T. 

22  37  59.54 

+27  57.01 

U.T. 

23    5  56.65 

+27    4.06 

-52.95 

+  10  27 

4,  L.  T. 

23  83    0.61 

+26  21.38 

-42.68 

+  10.91 

+0.64 

-0.63 

U.T. 

23  59  21.99 

+25  49.61 

-31.77 

+  10.92 

+0.01 

-0.40 

6,  L.  T. 

0  25  11.60 

+25  28.76 

-20.85 

+  10.53 

-0.39 

-0.17 

U.T. 

0  50  40.36 

+25  18.44 

-10.32 

+  9.97 

-0.56 

, 

6,  L.  T. 

1  15  58.80 

+25  18.09 

-  0.35 

U.T. 

1  41  1689 

to  find  the  moon's  right  ascension,  July  3,  at  its  transit  over  a 

place  one  hour  west  of  Washington. 

ri>   oou  op^     ^^KA    ,1677.01s.    52.95s.  X 11    10.27s.  X  11x23 
a^**=22h. 37m. 59.54s. + zr^ —  +^    .^    ^^  + 


2x12x12      6x12x12x12 

0.63s.  X 11 X  23  X  35  X  47 

24x12x12x12x12    12(9x12x12x12x12x12' 


12 
0.64s.  X 11 X  23  X  35 


or 


af''=22h.  37m.  69.54s. + 139.75s. +2.06 +0.25 -0.01 -0.01 
=:22h.  40m.  21.58s. 

(220.)  It  will  generally  be  found  more  convenient  in  practice 
to  take  the  coefficients  for  the  several  orders  of  differences  direct- 
ly from  Table  XXIII.  It  will  be  observed  that  the  coefficients 
of  the  second  and  fourth  differences  are  negative,  while  those  of 
the  odd  differences  are  positive.  Hence  the  corrections  for  the 
odd  differences  will  have  the  same  sign  as  those  differences ;  but 
the  corrections  for  the  even  differences  will  have  a  sign  contrary 
to  those  differences.  Hence,  in  the  above  example,  the  correc- 
tions for  the  first,  second,  and  third  differences  are  positive,  while 
the  other  two  corrections  are  negative. 

(221.)  Formula  (A)  proceeds  from  values  which  belong  to  a 
leas  argument,  to  those  which  belong  to  a  greater  argument; 
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bat  we  are  at  liberty  to  proceed  in  the  reverse  order.  Conoeive 
the  times  and  quantities  given  on  page  203  to  be  written  in  an 
inverted  order,  so  that  the  table  shall  begin  with  the  last  value, 
a'''\  and  end  with  the  first,  a,„.  The  first  differences  would 
then  be  a'''  -  a''''  =  -  b''' ;  a''  -  a'''  =  -  b'',  etc.  That  is,  the 
first  diiferences  would  be  the  same  as  given  in  the  preceding  ta- 
ble, but  with  contrary  signs.  The  second  differences  would  be 
-  6^'  -  ( - 1/'') = b'''  -b''=+  &' ;  that  is,  the  second  differences 
would  retain  the  same  signs  as  before.  The  third  differences, 
&'-'€f'='-d\  etc.,  change  their  signs,  while  the  fourth  differen- 
ces remain  unchanged,  and  so  on ;  that  is,  the  differences  of  an 
odd  order  have  their  signs  reversed. 

Suppose  now  that  /  is  a  proper  fraction,  representing  the  dis- 
tance  of  the  term  a^^^  from  a^  ;  then  the  first,  second,  third, 

fourth,  etc.,  differences  corresponding  will  be  —  ^o  /  +C/;  —d,,; 
+^///)  etc. ;  and  consequently, 

+fcM±M±?)«,„+,  *.  .' (B) 

(222.)  Equations  (A)  and  (B)  are  each  of  them  only  approxi- 
mate ;  but  when  the  error  of  one  is  positive,  the  error  of  the 
other  will  generally  be  negative,  so  that  we  shall  obtain  a  more 
accurate  expression  if  we  take  the  half  sum  of  both  (A)  and  (B), 
4Uid  we  shall  have 


or 


r(t). 


a<*^ 


But  a'-^bo—ao; 

and  consequently. 

Also,  dQ=^d,^e,;  d„^d,^e,^  etc. 
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Substitating  these  values  in  the  preceding  equation,  we  ob- 
tain 

^i>±m;zMzSi(ts^^y,  ..0. ' (C) 

Since  t  is  supposed  to  be  included  between  0  and  1,  it  is  plain 
that  the  coefficients  of  the  third,  fourth,  etc.,  differences  in  form- 
ula (C)  are  smaller  than  in  formulas  (A)  and  (6) ;  that  is,  this 
series  converges  most  rapidly. 

It  will  readily  be  perceived  that  in  formula  (A)  the  first,  sec- 
ond, third,  etc.,  differences  in  the  table  on  page  203  lie  in  a  di- 
agonal, which  starts  from  between  a^  and  a^  and  inclines  down- 
ward. In  formula  (B),  on  the  contrary,  they  lie  in  a  diagonal 
which  inclines  upward ;  while  in  formula  (C)  the  odd  differences 
are  intersected  by  a  horizontal  line,  which  starts  from  between 
Uq  and  a'' ;  but  for  the  even  differences  we  employ  the  half  sum 
of  that  which  lies  above  and  that  which  is  below  the  horizontal 
line. 

(223.)  If  we  represent  the  coefficients  of  the  several  orders  of 
differences  by  B,  C,  D,  etc.,  formula  (C)  may  be  written 

a^'^=ao  +  Bb+Gc+J)d+Ee+Ffj  eto.  •  .  .  (D) 
where  we  put  b=bo 

B=t 

2 
j._t(t-l){t-i) 

2.3 
^it+l)t{t-l){t-2) 
2.3.4 

^ 2.3.4.5 '**"• 

This  formnla  is  the  one  reocmunended  by  Profesaor  BeaseL 
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Table  XXIII.,  page  392,  gives  the  values  of  the  preceding  coef- 
ficients for  every  hundredth  part  of  the  unit  of  time.  It  will  be 
observed  that  the  coefficient  of  the  second  differences  is  invaria- 
bly negative ;  but  for  values  of  t  less  than  .50,  the  coefficients  of 
the  third  and  fourth  differences  are  positive,  and  the  fifEh  nega- 
tive ;  while  for  values  of  t  greater  than  .50,  the  coefficients  of  the 
third  differences  are  negative,  but  the  fourth  and  fifth  are  positive. 

Example.  Required  the  moon's  right  ascension  for  July  10, 
1855,  at  8h.  mean  time. 

Take  from  the  Almanac  three  places  of  the  moon  preceding 
and  three  places  following  the  proposed  time,  and  find  their  dif- 
ferences as  in  the  foUowing  table : 


Data. 

R  A. 

1        1st  Difl*. 

SdDifT. 

SdDiflf. 

4th  Diff. 

flthDUr. 

h. 

h.    fH»         9» 

m.        9. 

9. 

9. 

9. 

9. 

July  9,   0 

3  20  66.61 

+26     5.41 

12 

3  47    2.02 

+26  32.98 

+27.57 

-1.89 

-  10,    0 

4  13  35.00 

+26  58.66 

+25.68 

-4.08 

-2.19 

-0.06 

12 

4  40  33.66 

+27  20.26 

+21.60 

-6.83 

-2.25 

"   11,    0 

5    7  53.92 

+27  35.63 

+  16.27 

12 

5  35  20.45 

For  July  10,  at  Oh.,  which  is  the  date  next  preceding  the  one 
proposed,  we  find 

ao=4h.  13m.  35.00s.;  6= 26m.  58.66s. 
Co=21.60s.;  c,=25.68s.;  vc=i(co+0=23.64s. 
d=  -4.08s. ;  /=  -0.06s. 
€,=  -2.25s. ;  e,,=  -2.19s. ;  v  e  =  i(c^+ej=  -2.22s. 

The  difference  between  the  proposed  time  and  July  10  at  Oh. 
is  8h.,  which  is  two  thirds  of  Hie  interval  between  the  dates  in 
the  table.     Therefore  we  have 

Bb=     f (26m.  58.66s.)    =    +- 17m.  59.107s. 
Cc=-i(23.64s.)  = 

Drf= -.00617 X  -4.08s.= 
Ee=  +  .02057  x  -2.22s.  = 
F/=  +.00069 X  -- 0.06s.  = 


-2.627s. 

+  .0258. 

-  .046s. 

.000s. 


B6+Cc+Drf+Ec+F/=    +  17m.  56.46s. 

ao=4h.  13m.  35.00s. 


Moon's  R.  A.  at  8h.=4h.  31m.  31.468, 
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(224.)  Most  of  the  numbers  in  the  Nautical  Ahnanac  are  com- 
puted for  intervals  of  either  12  or  24  hours.  The  right  ascen- 
sion of  the  moon's  bright  limb  is  given  for  both  the  upper  and 
lower  culminations,  that  is,  for  intervals  of  12  hours  of  longi* 
tude.  If  we  wish  to  interpolate  for  any  other  meridian,  we  must 
consider  12  hours  as  the  unit  of  time,  and  it  is  desirable  to  have 
the  coefficients  computed  for  convenient  fractions  of  12  hours. 
When  the  computation  is  performed  by  logarithms,  it  is  con- 
venient to  have  the  logarithmic  coefficients  arranged  in  a  table. 
This  has  accordingly  been  done  in  Table  XXIV.,  which  furnish- 
es the  logarithms  of  Bessel's  coefficients  for  every  five  minutes 
throughout  12  hours.  If  the  numbers  between  which  we  wish 
to  interpolate  are  given  for  intervals  of  24  hours,  as  the  sun's 
places  in  the  Nautical  Almanac,  we  may  avail  ourselves  of  the 
same  table  of  coefficients  by  simply  doubling  each  of  the  num- 
bers in  column  first.  Thus,  when  the  interval  is  12  hours,  the 
coefficients  for  an  argument  of  one  hour  will  be  the  same  as  for 
an  argument  of  two  hours  when  the  interval  is  24  hours. 

The  preceding  example  is  most  conveniently  solved  by  the  use 
of  these  coefficients.  Taking  the  logarithms  of  the  coefficients 
B,  C,  D,  E,  and  F  from  the  table,  and  the  logarithms  of  &,  c,  </, 
ej  and  /  as  given  on  the  preceding  page,  we  have 

log.  8=9.8239087;  log.  C=9.04576»;  log.  D=7.79048«; 
log.  &=3.2091556     log.  c= 1.37365       log.  d=0M066n 
3.0330643  0.41941»  8.40114 

Nat.  num. + 1079.107s.  -2.627s.  +0.025s, 

log.  E  =8.31336 ;  log.  F= 6.83624 
log.  e=0.34635w  log./=8.77815w 
8.65971/i  5.61439» 

Nat.  num. — 0.046s.  .000 

Adding  to  log.  B,  log.  C,  etc.,  the  factors  log.  6,  log.  c,  etc., 
we  obtain  for  the  several  corrections 

Bb    =4- 17m.  59.107s. 
Cc    :^  -2.627s. 

J)d    =  +  0.025s. 

Ee    =        •     -0.046s. 
F/    =  0.000s. 

Sum  =  + 17m.  56.468. 
the  same  as  found  on  page  207.       ^ 
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If  we  neglect  the  third  and  following  differences,  that  is,  if  we 
suppose  the  second  differences  constant,  formula  C  becomes 

We  accordingly  take  from  the  Nautical  Almanac  four  consec- 
utive arcs,  such  that  the  arc  sought  may  fall  between  the  two 
middle  ones,  and  for  the  second  difference  we  employ  the  mean 
of  the  two  second  differences  thus  obtained. 

In  the  example  on  page  207,  if  wo  regard  only  first  and  sec- 
ond differences,  we  shall  obtain  the  moon's  right  ascension, 

4h.  31m.  31.488. 
instead  of  4h.  31m.  31.46s. 

The  error  arising  from  neglecting  the  third  and  following  dif- 
ferences  amounts,  therefore,  only  to  0.02s. 

Problem. 

(225.)  To  find  the  time  of  conjunction  or  opposition  of  the 
moon  with  the  sun. 

The  right  ascension  of  the  moon  is  given  in  the  Nautical  Al- 
manac for  every  hour  of  the  day,'  and  the  right  ascension  of  the 
sun  is  given  for  noon  of  each  day.  An  inspection  of  these  col- 
umns will  readily  show  between  what  hours  conjunction  or  op- 
position takes  place.  Take  out  four  successive  right  ascensions 
of  the  moon,  such  that  the  phase  sought  shall  fall  between  the 
second  and  third  of  the  hours,  and  find  by  interpolation  the  cor- 
responding right  ascension  of  the  sun.  For  each  hour  subtract 
the  right  ascension  of  the  sun  from  that  of  the  moon ;  the  dif- 
ferences will  represent  the  distances  of  the  moon  from  the  sun. 
Then,  ironly  an  approximate  result  is  desired,  we  may  determ- 
ine by  a  simple  proportion  when  the  difference  of  right  ascension 
amounts  to  zero,  or  twelve  hours.  But  if  ^  more  accurate  result 
is  desired,  we  must  take  account  of  the  second  differences. 

Example. 

Required  the  Washington  mean  time  of  opposition  in  right 
ascension  of  the  sun  and  moon,  October  24,  1855. 

We  readily  discover  by  an  inspection  of  the  ephemeris  that 
opposition  takes  place  between  19h.  and  20h.,  Greenwich  time. 
We  then  take  from  the  Nautical  Almanac  the  right  ascension  of 
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the  son  and  moon  for  four  successive  hours,  and  find  their  differ- 
ences, neglecting  the  12  hours,  as  follows : 


Due. 

Sun's  R.  A. 

Moon'8  R.  A. 

Moon— San.     |       Ist  Diff.      i    adDifT.    j 

k. 

A.      m.          9. 

h.      m.         9. 

m.        ». 

fit.          9. 

9. 

18 

13  56  30.45 

1  53  48.67 

-2  41.78 

+2  3.78 

19 

13  56  40.01 

1  56    2.01 

-     38.00 

4-2  3.94 

4-0.16 

20 

13  56  49.57 

1  58  15.51 

+1  25.94 

4-2  4.09 

4-0.15 

21 

13  56  59.13 

2    0  29.16 

+3  30.03 

If  we  neglect  the  second  differences,  the  time  of  opposition 
may  be  found  by  the  proportion 

2m.  3.94s. :  3600s. ::  38.00s. :  18m.  23.8s. ; 
that  is,  opposition  takes  place  at  19h.  18m.  23.8s.,  and  this  re- 
sult is  within  half  a  second  of  the  trutL     If  greater  accuracy  is 
required,  we  must  take  account  of  the  second  differences,  which 
may  be  done  as  follows : 

In  the  formula  of  interpolation,  page  206, 

a^'^=ao+t.b+^^^'7^h+,  etc., 

t  must  be  regarded  as  the  unknown  quantity,  all  the  others  being 
known. 
Developing  this  formula,  we  have 


or 


»"'-»'>=<»-M) 


Now  the  approximate  value  of  t  is 
this  value  above,  we  obtain 


a'«-ao 


Substituting 


a^»^-ao 


.     c     c  a^l^-oo' 


which  is  a  more  accurate  value  of  t.  In  the  present  case  a^^^  be- 
comes zero,  because  we  wish  to  determine  when  the  difference 
of  right  ascension  between  the  sun  and  moon  is  zero  (neglecting 
the  12  hours) ;  hence*  we  have 

-»o 


<= 


C       C    flo 


2    2b 
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'where  we  must  be  careful  to  preserve  the  proper  sign  of  each 
term. 

Substituting  the  values  of  these  letters,  we  have 

38.00  _  38.00 

"  123.94  -  .08 + .03  "  123.89' 
where  t  is  expressed  in  parts  of  an  hour. 

Multiplying  by  3600  to  reduce  the  result  to  seconds,  we  ob^ 
tain  1104.2s.,  or  18m.  24.2s. ;  whence  the  corrected  time  of  op- 
position is  " 

19h.  18m.  24.2s.  Greenwich  mean  time, 
or  14h.  10m.  13.0s.  Washington  mean  time. 

Problem. 

(226.)  To  find  the  hourly  motion  of  the  moon  in  right  as- 
tension^  etc. 

The  moon's  hourly  motion  may  be  found  very  nearly  by  tak- 
ing the  difference  between  two  successive  numbers  m  the  Nan- 
tioal  Almanac,  the  one  before  and  the  other  after  the  time  for 
which  the  hourly  motion  is  wanted.  If  the  proposed  instant 
does  not  fiedl  midway  between  the  two  dates  in  the  Almanac,  we 
must  apply  a  correction  by  taking  a  proportional  part  of  the  sec- 
cxnd  difference. 

Example  1. 

Required  the  moon's  hourly  motion  in  right  ascension,  Octo- 
ber 24,  1855,  at  19h.  18m.  24.2s.,  Greenwich  mean  time. 
We  take  from  the  Nautical  Ahnanac  the  following  numbers : 


Dua. 

Moon's  R.  A. 

iMDur. 

UDiff. 

*. 

k.    m.          9 

m.       «. 

t. 

18 

1  53  48.67 

+2  13.34 

19 

1  56    2.01 

+2  13.50 

+0.16 

20 

1  58  15.51 

The  change  of  the  moon's  right  ascension  from  18h.  to  19h. 
is  2m.  13.34s.,  which  may  be  regarded  as  the  hourly  motion  for 
18h.  30m.  In  the  same  manner,  the  hourly  motion  for  19h.  30m. 
is  2m.  13.50s.  In  order  to  obtain  the  hourly  motion  for  19h. 
18m.  24.2s.,  we  state  the  proportion 

6Qm. :  0.16s. ::  48m.  24.2s. :  0.13s., 
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which,  being  added  to  2m.  13.34s.,  gives  the  hourly  motion  for 
19h.  18m.  24.2s.,  equal  to  2m.  13.47s.  in  time,  or  33'  22^^06 
in  aro. 

In  calculating  eclipses,  it  is  necessary  to  know  the  hourly  mo- 
tion of  the  moon  Irom  the  sun.  This  is  obtained  by  finding  the 
sun's  hourly  motion  in  the  manner  already  explained,  and  sub- 
tracting it  from  the  moon's  hourly  motion.  Thus,  if  the  sun's 
hourly  motion,  October  24,  was  9.56s.,  then  the  hourly  motion 
of  the  moon  from  the  sun  wis  2m.  13.47s.— 9.56s. = 2m.  3.91s. 
in  time,  or  30'  58''.65  in  arc. 

(227.)  The  preceding  method  is  slightly  inaccurate  in  princi- 
ple, and  when  the  interval  between  the  moon's  places  amounts 
to  12  hours,  the  error  can  not  be  neglected.  An  accurate  form- 
ula for  the  hourly  motion  may  be  obtained  by  differentiating 
equation  D,  page  206.    We  thus  find 

-^_b+-^+      2^      a+        ^-^^       e+,  etc. 

If  the  moon's  places  are  given  for  intervals  of  12  hours,  and 
we  assume  successively  ^=0,  =:-j3^,  t=^,  etc.,  we  shall  obtain 
the  hourly  motion  corresponding  to  each  hour  of  the  interval  for 
which  bj  c,  d^  etc.,  are  computed.  If  we  wish  the  hourly  motion 
for  the  instant  midway  between  two  values  of  6,  we  must  make 
t=zi ;  in  which  case  the  above  coefficient  of  c  becomes  0, 

"  e       "        0, 

and  we  have  the  hourly  motion  equal  to 


a(»-i> 


where  b  and  d  represent  the  first  and  third  differences  corre- 
sponding to  the  instant  for  which  the  hourly  motion  is  required. 
Ex,  2.  Required  the  variation  of  the  moon's  right  ascension 
in  one  hour  of  longitude  for  the  instant  of  the  Greenwich  tran- 
sit, January  5, 1854,  from  the  following  data : 
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DM«. 

Moon's  R.  A. 

iMDiir. 

SdDUr. 

3dDUr. 

k.      m.          9. 

m.         «. 

9, 

9. 

January  4,  U.  T. 

23  55  36.86 

24  21.19 

"           L.  T. 

0  19  58.05 

23  49.13 

-32.06 

r 

+  9:68 

«       5,  U.  T. 

0  43  47.18 

23  26.75 

-22.38 

1 

+9.23 

«          L.  T. 

1    7  13.93 

23  13.60 

-13.15 

«       6,  U.  T. 

1  30  27.53 

• 

The  difference,  23m.  49.13s.,  corresponds  to  the  instant  mid- 
way between  the  lower  transit,  January  4th,  and  the  upper  tran- 
sit, January  5th.  By  interpolation  in  the  usual  manner,  we 
find  the  first  difference  corresponding  to  the  upper  transit,  Jan- 
uary 5th,  to  be 

6= 23m.  36.76s., 
and  the  third  difference  for  the  same  instant  is 

rf=+ 9.45s. 
Subtracting  -^th  of  d  from  6,  we  have 

23m.  36.37s., 
which,  divided  by  12,  gives 

118.03s., 
which  is  the  motion  in  right  ascension  for  one  hour  of  longitude, 
corresponding  to  the  instant  of  Greenwich  transit,  January  5th. 

Problem. 

(228.)  Two  hour  circles^  PA,  PB,  make  with  each  other  a 
small  angle  at  P,  and  from  any  pointy  A,  in  one  of  thenty  an 
arcy  AC,  of  a  great  circle  is  let  fall  perpendicularly  on  the 
other;  it  is  required  to  find  the  difference  of  decli^  p^ 
nation  of  the  points  A  and  C. 

Let  P  be  the  pole  of  the  earth,  AB  a  parallel  of  dec- 
lination, and  AC  an  arc  of  a  great  circle  perpendicu- 
lar to  PB. 

« 

Then,  in  the  triangle  APC, 

R.  COS.  APC=tang.  PC  cot  PA, 

cot.  PA 
COS.  APC 
If  we  put  d=the  declination  of  the  point  A,  <5''=the  '3 


or 


cot.  PC= 
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declination  of  the  point  C,  and  a  the  difference  of  right  ascension 
of  A  and  C,  we  shall  have 

tang.  d'=*?Eii^ (1) 

cos.  a 
firom  which  the  declination  of  the  point  C  may  be  computed; 
bnt  the  computation  requires  a  table  of  tangents  extending  to 
single  seconds,  and  seven  places  of  decimals.    We  may  obtain 
a  more  convenient  formula  as  follows : 
By  Trig.,  Art.  77, 

tana  (fi    b)=:  ^^^'  ^""^°g'  * 
^'^        ^    1+tang.  a  tang.  *• 

tang.  6 


Hence         tang,  (d'— d)= 


tang,  d 


^  ^  tang.'  6 
COS.  a 
_tang.  d(l--cos.  a) 
"~  COS.  a+tang.*  6 
Since  a  is  supposed  to  be  a  small  arc,  we  will  put  cos.  a  in  the 
denominator  equal  to  unity,  and  it  becomes 

teng.  (d'_d)=*^Bill(l;^J2?l^=tang.  d  oo8.»  d(l-oo8.  a) 

sec.  o 

But     tang.  6  cos.*  d=sin.  6  cos.  6= — ^ — ,  by  Trig.,  Art.  73. 

And  by  Trig.,  Art.  74, 

1— cos.  a=2  sin.*  ^a. 
Hence  tang.  ((J^— (J)=sin.  26  sin,*  ia. 

If  we  suppose  a  to  be  expressed  in  minutes,  and  6^^S  in  sec- 
onds, we  may  put 

tang.  {6'-'6)=z{6'-^6)  sin.  V'j 

and  sm.  ^=^  sin.  r =a(30  sm.  1^0- 

Hence,  by  substitution,  we  obtain 

<J^-<J=a*(900sin.  T^sin.  2<5) (2) 

Example.  Suppose  <5=29^,  and  a= 90^ ;  it  is  required  to  find 
the  value  oid'^6. 

Solution.— By  formula  (1),      tang.  29° = 9.7437520 

COS.  9(y=:9.9998512 
tang.  290  (y  30^^0=9.7439008 
:   Therefore  d''-d=30'^0. 

e 
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By  formula  (2),  900 =2.9542 

sin.  r^= 4.6856 
'sin.  68^=9.9284 
90^=3.9085 
<r-(J=30^^0= 1.4767 
In  this  manner  was  computed  Table  XVIII.     It  will  be  ob- 
served that  the  declination  of  the  point  C  is  always  greater  than 
that  of  A,  whether  it  be  north  or  south  of  the  equator.     This 
correction  is  applied  to  the  moon's  declination  in  computing 
eclipses  and  occultations. 

CATALOGUES  OF  THE  FIXED  STARS. 

(229.)  The  first  individual  who  constructed  a  catalogue  of  the 
stars  was  Hipparchus,  who  flourished  between  160  and  135 
years  B.C.  This  catalogue  contains  the  longitude  and  latitude 
of  1028  stars,  and  is  preserved  in  Ptolemy's  Almagest. 

The  next  catalogue  of  stars  is  that  of  the  Tartar  prince  Ulugh 
Beigh.  This  catalogue  contains  the  places  of  1019  stars,  de- 
rived from  observations  made  at  Samarcand.  The  epoch  is  the 
year  1437  A.D. 

The  next  catalogue  is  that  of  Tycho  Brahe,  containing  the 
places  of  777  stars,  for  the  year  1600.  Kepler  subsequently  en- 
larged this  catalogue,  from  Tycho  Brahe's  observations,  to  1005 
stars,  and  published  it  in  the  year  1627. 

Haliey's  catalogue  of  southern  stars  contains  the  places  of  341 
stars,  derived  from  observations  made  at  St.  Helena.  The  epoch 
is  1677.  This  was  the  first  catalogue  constructed  from  obser- 
vations made  by  the  use  of  telescopic  sights. 

The  catalogue  of  Hevelius  contained  1564  stars,  and  was  pub- 
lished in  1690.     The  epoch  is  1660. 

Flamsteed's  British  Catalogue  was  published  in  1725.  It 
contains  the  places  of  2935  stars,  reduced  to  the  year  1689. 

The  observations  made  by  Bradley  between  the  years  1750 
and  1762  were  published  by  Bessel  in  1818.  The  number  of 
stars  in  this  catalogue  is  3112.     The  epoch  is  1750. 

Lacaille's  catalogue  of  stars  in  the  southern  hemisphere,  ob- 
served at  the  Cape  of  Good  Hope,  contains  9766  stars,  reduced 
to  the  year  1750.  This  catalogue  was  printed  in  1845  at  the 
expense  of  the  British  government 
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Mayer  is  the  author  of  a  catalogue  of  998  zodiacal  stars,  pub- 
lished in  1775. 

(230.)  Toward  the  close  of  the  last  century  M.  L.  Lalande, 
at  Paris,  undertook  to  determine  the  positions  of  all  the  stars  in 
the  northern  hemisphere  down  to  the  ninth  magnitude.  These 
observations  have  recently  been  reduced  at  the  expense  of  the 
British  Association,  and  were  published  in  1847.  This  catalogue 
contains  the  places  of  47,390  stars,  reduced  to  the  year  1800. 

In  1814  Piazzi  published  a  catalogue  of  7646  stars,  from  ob- 
servations made  at  Palermo  from  1792  to  1813.  This  was  the 
most  important  catalogue  of  stars  hitherto  published.  Every 
star  was  observed  several  times,  and  a  mean  of  all  the  results 
taken  as  the  final  place  of  the  star. 

In  1806  De  Zach  published  a  catfilogue  of  1830  zodiacal  stars, 
from  observations  made  by  him  at  Seeberg,  in  Saxe  Gotha. 

In  1838  was  published  Groombridge^s  catalogue  of  4243  cir- 
cumpolar  stars,  reduced  to  the  year  1810.  It  contains  the  places 
of  all  the  stars  down  to  the  eighth  magnitude,  situated  within 
60°  of  the  north  pole,  derived  firom  observations  made  between 
the  years  1806  and  1816. 

In  1821  Bessel  commenced  observations  of  all  the  stars  down 
to  the  ninth  magnitude,  comprehended  between  the  parallels  of 
15°  south  declination  and  45°  north  declination.  This  work 
was  completed  in  1833,  and  contained  about  75,000  observa- 
tions. Professor  Weisse  has  published  a  catalogue  of  31,895 
stars,  reduced  to  the  year  1825,  containing  all  the  stars  observed 
by  Bessel  within  the  region  extending  15°  on  each  side  of  the 
equator.  Professor  Weisse  is  at  present  engaged  in  reducing 
the  remaining  observations  of  Bessel. 

Argelander  has  observed  in  a  similar  manner  all  the  stars  in- 
cluded between  45°  and  80°  of  north  declination.  These  ob- 
servations were  commenced  in  1841,  and  were  finished  in  1844. 
The  number  of  stars  is  about  22,000.  Argelander  has  recently 
completed  a  similar  survey  of  the  heavens  between  15°  and  31° 
of  south  declination,  containing  17,600  stars. 

In  1821  Sir  Thomas  Brisbane  erectied  an  observatory  at  Par- 
amatta, in  New  South  Wales,  and  in  1835  published  a  catalogue 
of  7385  stars,  chiefly  in  the  southern  hemisphere,  founded  upon 
observations  made  at  his  establishment. 
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In  1844  was  published  Taylor's  catalogue  of  11,015  stars, 
founded  on  observations  made  at  Madras  during  the  years 
1822  to  1843. 

(231.)  In  1849  was  published  a  catalogue  of  2156  stars, 
formed  from  the  observations  made  during  12  years,  from  1836 
to  1847,  at  the  Royal  Observatory,  Greenwich. 

Professor  Bumker  has  recently  completed  a  catalogue  of  more 
than  12,000  stars,  observed  since  1836,  with  the  meridian  circle 
of  the  Hamburg  Observatory.  The  chief  object  in  preparing 
this  catalogue  was  to  supply  the  deficiencies  in  the  Histoire  Ce- 
leste and  Bessel's  Zones,  rather  than  to  supersede  the  catalogues 
previously  existing. 

Since  1838,  Mr.  Johnson,  director  of  the  Radcliffe  Observa- 
tory, Oxford,  has  been  engaged  in  reobserving  the  circumpolar 
stars  of  Groombridge's  catalogue.  This  work  is  nearly  com- 
pleted, and  will  embrace  about  2000  stars  more  than  are  con- 
tained in  Groombridge's  catalogue. 

Lieutenant  Gilliss,  director  of  the  United  States  astronomical 
expedition  to  Chili  in  1849,  undertook  to  construct  a  catalogue 
of  all  the  stars  down  to  the  eighth  magnitude,  situated  within 
60^  of  the  south  pole.  The  time  to  which  the  expedition  was 
limited  having  expired  in  1852,  this  plan  could  not  be  carried 
fully  into  execution ;  but  observations  were  obtained  of  nearly 
30,000  stars  within  the  25^  surrounding  the  pole. 

The  catalogue  published  by  the  British  Association  in  1845 
contains  the  places  of  8377  stars,  reduced  to  1850,  derived  from 
the  best  authorities,  and  furnishes  the  constants  for  deducing 
the  apparent  from  the  mean  places  with  the  greatest  facility. 
This  is  the  most  valuable  catalogue  for  general  use  which  has 
yet  been  published. 

In  1852,  Professor  Struve,  of  St.  Petersburgh,  published  a  cat- 
alogue giving  the  places  of  2874  stars  for  the  year  1830,  being 
chiefly  double  stars  observed  at  Dorpat  from  1832  to  1843. 

The  catalogue  appended  to  this  volume  contains  the  mean 
places  of  all  stars  as  large  as  the  fifth  magnitude,  reduced  to 
the  year  1850.  The  mean  places  of  such  as  were  found  in 
Airy's  twelve-year  catalogue  were  taken  from  that  catalogue ; 
the  olhers  were  taken  from  the  catalogue  of  the  British  Asso- 
ciation, which  also  famished  the  constants  for  reduction. 
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Determination  of  the  apparent  places  of  the  fixed  stars. 
(232.)  The  positions  of  the  stars  given  in  the  catalogues  are 
called  their  mean  places ;  and  as  these  places  vary  from  year 
to  year  in  consequence  of  precession,  the  epoch  for  which  the 
places  are  given  should  always  be  stated.  In  the  accompany- 
ing catalogue,  the  mean  places  of  the  stars  are  given  for  Janu- 
ary 1,  1850.  In  our  observations,  however,  we  do  not  find  the 
stars  in  the  positions  here  given ;  but  their  places  are  altered  by 
the  amount  of  their  precession  since  January  1,  1850,  and  are 
also  affected  by  aberration  and  nutation.  The  mean  places 
must  therefore  be  reduced  to  the  apparent  before  they  can  be 
compared  with  observation. 

The  algebraic  expressions  for  these  corrections  have  been  re- 
duced  by  Bessel  to  the  follovnng  form : 

Correction  in  R.  A.=Aa4-B6+Cc+Drf; 
Correction  in  N.  P.  D.=Aa'+B6'+Cc^+Dd'; 
where  A=- 18^^732  COS.  O, 
B= -20^^420  sin.  O, 

C =^-0.025  sin.  20  -0.343  sin.  ^  +0.004  sin.  2ft, 
D=  -0^^545  COS.  2o  -9''.250  cos.  SI  +0"'.090  cos.  2ft , 
a=  +COS.  a  sec.  d, 
6=+sin.  a  sec.  d, 

c=  +  3.0706s.  4- 1.3370s.  sin.  a  tang,  d, 
d=  +COS.  a  tang,  d, 
a'=  —tang,  o)  cos.  d+sin.  a  sin.  d, 
6^=— COS.  a  sin.  d, 
</=  -20^^065  cos.  a, 
rf'=4-sin.  a. 
Also, 

^=the  time  from  the  beginning  of  the  year,  expressed 
in  fractional  parts  of  a  year. 
O  =the  sun's  true  longitude, 

■ 

ft  =the  mean  longitude  of  the  moon's  ascending  node, 
a=the  mean  right  ascension  of  the  star, 
d=the  mean  declination  of  the  star, 
<j=the  obliquity  of  the  ecliptic. 
The  factors  A,  B,  C,  D  are  independent  of  the  star's  places, 
and  are  the  same  for  all  the  stars,  but  vary  with  the  time. 
They  are  given  for  every  day  of  the  year  in  tiie  English  Nau- 
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tioal  Almanac,  on  page  22  of  each  month,  and  on  pages  223-5 
of  the  American  Nautical  Ahnanao  for  1855.  The  fiELctors  a,  6, 
c,  dy  a\  b\  (/y  d\  depend  only  on  the  places  of  the  stars,  and  are 
sensibly  constant  for  a  long  period  of  years.  They  are  accord- 
ingly calculated,  and  their  logarithms  are  entered  opposite  each 
star  in  the  accompanying  catalogue. 

(233.)  In  order  to  obtain  the  correction  to  the  mean  place  of 
a  star,  we  have  only  to  take  from  the  catalogue,  and  opposite 
to  the  given  star,  the  logarithms  of  a,  &,  e,  d^  and  a\  b\  &y  d% 
with  their  proper  signs ;  and  to  write  down  under  them  respect- 
ively, from  the  Nautical  Almanac,  opposite  the  given  day,  the 
logarithms  of  A,  B,  C,  D,  with  their  proper  signs,  remembering 
that  the  signs  prefixed  to  the  logarithms  affect  only  the  natural 
numbers.  We  then  add  each  pair  together,  and  find  the  nat- 
ural number  corresponding  to  the  sum.  The  sum  of  the  four 
natural  numbers  thus  obtained  (regard  being  had  to  their  signs) 
will  be  the  total  correction  required  in  right  ascension  and  polar 
distance  on  the  given  day.  This  correction,  applied  to  the  mean 
place  of  the  star  at  the  beginning  of  the  year,  will  give  the  ap- 
parent place  of  the  star  on  the  day  required. 

The  mean  right  ascension  and  polar  distance  for  the  epoch  of 
the  catalogue  is  reduced  to  that  of  the  current  year,  by  adding 
as  many  times  the  annual  precession  in  right  ascension  and 
polar  distance  as  the  number  of  whole  years  elapsed  since  the 
given  epoch. 

Example.  Required  the  apparent  right  ascension  and  north 
polar  distanoe  of  y  OrioniSy  on  February  5,  1855,  for  midnight, 
at  Washington. 
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h'    m. 


5.31 


Mean  R.  A.,  Janu 
ary  1,  1850  ...  5  17 

5  years'  preoession 
and  proper  motion        + 16.10 

Mean  R.  A.,  Janu- 
ary 1,  1855  .  .  .  5  17  21.41 


a 

A 

Aa 

Logaritbins. 

+8.0963 
-1.1366 
-9.2329 

NM.N<W. 

-0.171 

A 

Logaiitbnu. 

-9.5120 
-1.1366 
+0.6486 

N.t.N<w. 

/» 

+4.452 

b 

6 

Bb 

+8.8188 
+1.1451 
+9.9639 

+0.920 

1/ 
B 

Bl/ 

-8.3039 
+  1.1451 
-9.4490 

-0.281 

c 

C 
Cc 

+0.5070 
-9.0952 
-9.6022 

-0.400 

If 
C 

-0.5721 
-9.095? 
+9.6673 

+0.465 

d 

D 

Dd 

+7.1304 
-0.7954 
-7.9258 

-0.008 

d' 
D 

+9.9923 
-0.7954 

-0.7877 

-6.134 

Mean  P.  D.,  Janu- 
ary 1, 1850  ...  83  47  27.7 

5  years'  precession 
and  proper  motion  —18.6 

Mean  P.  D.,  Janu- 
ary 1, 1855  ...  83  47    9.1 


Correction  of  R.  A.  =  +  0.341       Correction  of  P.  D. = - 1.498 

Hence  the  apparent  right  ascension  of  y  Ononis, 

=5h.  17m.  21.41s.  4- 0.34s. =5h.  17m.  21.75s.; 
and  the  apparent  north  polar  distance, 

=83°  47^  9^M-r^5=83o  47"  7^^6. 
The  mean  right  ascension  on  the  1st  of  January  of  the  year 
of  observation  may  be  found  by  applying  to  the  apparent  ob- 
served right  ascension  the  above  correction  with  the  contrary 
sign. 

DIURNAL   ABERRATION    OF    LIGHT. 

(234.)  The  diurnal  aberration  of  light  is  a  phenomenon  result- 
ing from  the  movement  of  light,  combined  with  the  rotation  of 
the  earth  on  its  axis ;  and  it  differs  firom  the  annual  aberration 
merely  in  consequence  of  the  difference  between  the  velocity  of 
the  earth  on  its  axis,  and  its  velocity  in  its  orbit. 

The  velocity  of  rotation  of  a  point  on  the  equator  is  to  the  ve- 
locity of  the  earth  in  its  orbit  as  1  to  65.82 ;  and,  since  the  an* 
nual  aberration  is  20^^445,  the  diurnal  aberration  will  be 
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0^^3107  in  arc, 
or  0.0207s.  in  sidereal  time. 

(235.)  This  is  the  diurnal  aberration  of  a  star  on  the  equator 
for  a  place  situated  on  the  equator ;  but  for  a  place  in  latitude 
4>f  the  circle  of  diurnal  rotation  being  less  than  at  the  equator, 
in  the  ratio  of  radius  to  the  cosine  of  the  latitude,  the  aberration 
will  be  equal  to 

0.0207s.  cos.  0. 
If  the  star  be  not  in  the  equator,  this  expression  denotes  only 
the  aberration  on  the  parallel  of  the  star's  declination ;  and  in 
onier  to  reduce  it  to  the  celestial  equator,  or  to  the  value  of  the 
aberration  in  right  ascension,  it  must  be  multiplied  by  the  se- 
cant of  the  star's  declination.  Hence,  if  (p  denote  the  latitude 
of  the  place,  and  6  the  declination  of  the  star,  then  the  correction 
in  time  for  the  upper  transit,  on  account  of  daily  aberration,  is 

+ 0.0207s.  COS.  0  sec.  6 ; 
and  fi>r  the  lower  transit, 

—0.0207s.  COS.  0  sec.  d. 

METHOD   OF   SOLVING    EQUATIONS   OF    CONDITION. 

(236.)  In  astronomical  researches  it  is  frequently  required  to 
determine  the  values  of  several  quantities  from  a  large  number 
of  simple  equations,  which  are  called  equations  of  condition  ; 
and  when  the  number  of  independent  equations  is  greater  than 
the  number  of  unknown  quantities,  these  equations  can  not  be 
perfectly  satisfied,  and  we  can  only  obtain  more  or  less  probable 
values  of  the  unknown  quantities.  The  given  equations  may 
be  combined  in  a  variety  of  ways,  and  each  mode  of  combina- 
tion vdll  furnish  different  values  of  the  unknown  quantities. 
Hence  it  is  a  question  of  the  highest  importance  to  determine 
in  what  manner  these  equations  should  be  combined,  so  as  to 
furnish  the' most  probable  values  of  the  unknown  quantities. 
Thus,  for  example,  if  our  observations  have  furnished  the  four 
equations,  ^ 

X-  y+2z=Z (1) 

3x+2y-^5z=5 (2) 

4x+  p+4z=21 (3) 

-x+Sp+Sz=14: (4) 

and  it  is  required  to  find  the  values  of  Xj  y,  and  z,  we  may  pur- 
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sue  yarious  methods,  and  we  shall  obtain  various  results  for 
these  quantities. 

(237.)  A  method  frequently  praotioed  consists  in  rendering 
the  coefficients  of  one  of  the  unknown  quantities,  as  x,  positive  in 
all  the  equations,  and  then,  by  adding  all  the  equations  t(^ether, 
obtaining  a  new  equation,  in  which  the  coefficient  of  x  is  the 
greatest  possible.  In  a  similar  manner,  by  rendering  the  co- 
efficients of  y  positive  in  all  the  equations,  and  then  adding  all 
the  equations  together,  we  obtain  a  new  equation,  in  whidi  the 
coefficient  of  y  is  the  greatest  possible.  Proceeding  in  the  same 
manner  with  each  of  the  other  unknown  quantities,  we  shall 
have  as  many  new  equations  as  there  are  unknown  quantities, 
and  these  equations  may  be  readily  solved  by  the  ordinary  rules 
of  algebra.  Thus,  by  changing  the  signs  of  all  the  terms  in 
equation  (4),  and  adding  the  equations  together,  we  obtain 

9x'-p--2z=15 (5) 

Changing  the  signs  in  equation  (1),  we  obtain,  in  the  same 
manner, 

5a;+7y=37  .  .  . (6) 

Changing  the  signs  in  equation  (2),  we  obtain,  in  a  similar 
manner, 

x+y+lAz=33 (7) 

From  equations  (5),  (6),  and  (7),  by  the  usual  method  of  elim* 
ination,  we  obtain  the  values 

a;=2.4853;  y=3.5105;  z=1.9289. 

The  method  practiced  by  Tobias  Mayer  consisted  in  combining 
the  given  equations  by  addition,  subtraction,  etc.,  in  such  a  man- 
ner that  one  of  the  unknown  quantities,  as  Xy  should  have  a  very 
large  coefficient  in  the  resulting  equation,  and  the  other  unknown 
quantities  should  have  small  coefficients.  Another  combination 
would  furnish  a  final  equation,  in  which  only  y  should  have  a 
large  coefficient ;  and  so  for  each  of  tiie  unknown  quantities. 

(238.)  Methods  similar  to  the  preceding  are  frequently  used 
by  ^trohomers,  on  account  of  their  convenience ;  but  Legendre 
has  demonstrated  that  the  most  probable  values  of  the  unknown 
quantities  are  those  which  render  the  sum  of  the  squares  of  all 
tiie  errors  the  least  possible.  This  method  is  accordingly  called 
the  method  of  least  squares. 

If  we  substitute  in  equation  (1)  the  values  of  z,  y,  ^^  ^f 
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above  given,  we  shall  find  that  the  second  member  of  the  equa- 
tion reduces  to  2.8326<  instead  of  3,  showing  that  these  values 
do  not  perfectly  satisfy  the  equation.  A  similar  remark  applies 
to  equations  (2),  (3),  and  (4).  If,  then,  we  transpose  all  the 
terms  to  one  member  of  Hie  equation,  the  sum  of  the  terms  will 
not  reduce  to  zero,  but  will  be  equal  to  a  small  quantity,  e.  If 
these  equations  were  deduced  from  observation,  e  may  be  re- 
garded as  the  error  of  one  of  the  observations.  The  equations 
may  therefore  be  expressed  under  the  form 

e  =a  +bx'  +cp  -{-dz 

ef  =»'  ^-Vx  ^&y  +d'z 

.  eta  etc. 

There  will  be  as  many  of  these  equations  as  there  are  obser- 
vations. For  convenience,  let  us  denote  all  the  terms  of  the 
second  members  of  the  equations  which  are  independent  of  2;, 
by  M,  M^,  etc.,  and  we  shall  have 

e  z=bx  +M 

e"  =b'x  +M^ 

e^'^ib^'x+W 

etc.       etc. 

Taking  the  sum  of  the  squares  of  these  equations,  we  shall 

have 

e»+c^+c^'H,  etc.=(6rr+M)2+(fr'rr+M0H(ft''a;+M'0*+,  etc. 

(239.)  According  to  the  principle  above  stated,  this  quantity 
must  be  made  a  minimum,  which  is  done  by  putting  its  first  dif- 
ferential coefficient  equal  to  zero.  If  we  consider  only  the  un- 
known quantity  x^  we  shall  have,  after  differentiating  and  di- 
viding by  2dXi 

0 = b{bx + M) + b'{b'x + MO + b'\l/'x + W%  etc. ; 
that  is,  to  form  the  equation  that  gives  a  minimum  for  any  one 
of  the  unknown  quantities^  as  x,  we  must  multiply  each  equa- 
tion  of  condition  by  the  coefficient  of  x  in  that  equation j  taken 
with  its  proper  signj  and  put  the  sum  of  all  these  products 
equal  to  zero.  We  must  proceed  in  the  same  manner  for  y,  2r, 
etc.,  and  we  shall  obtain  as  many  equations  of  the  first  degree 
as  there  are  unknown  qaantities,  whose  values  may  then  be  ob- 
tained by  the  usual  mode  of  elimination. 

To  apply  this  method  to  the  example,  on  page  221,  we  must 
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multiply  equation  (1)  by  1 ;  equation  (2)  by  3;  equation  (3)  by 
4 ;  and  equation  (4)  by  —  1,  and  we  shall  obtain 

x-  y+  22r-  3=0 

9x+6y~15z-15=0 

16x+4y+16z-84=0 

a;_3y_-  3;^+14=0 

Putting  the  sum  of  these  equations  equal  to  zero,  we  obtain 

27a;+6y-88=0 (8) 

We  must  now  multiply  equation  (1)  by  —  1 ;  equation  (2)  by 
2 ;  equation  (3)  by  1 ;  and  equation  (4)  by  3,  and  we  shall  obtain 

r-x+  y-  2z+  3=0 

6a;+4y-10z-10=0 

4a:+  y+  42r-21=0 

~3x+9y+  92:-42=0 

Putting  the  sum  of  these  equations  equal  to  zero,  we  obtain 

6a;+15y+jr-70=0 (9) 

We  must  also  multiply  equation  (1)  by  2 ;  equation  (2)  by — 6 ; 
equation  (3)  by  4 ;  and  equation  (4)  by  3,  and  we  shall  obtain 

2a;-  2y+  Az—  6=0 

-  15x- lOy + 25;? + 25 = 0 

16a;+  4y+16z-84=0 

-3x+  9y+  9;r-42=0 

Putting  the  sum  of  these  equations  equal  to  zero,  we  obtain 

y+54z- 107=0 (10) 

By  comparing  equations  (8),  (9),  and  (10)  in  the  usual  mode 
of  elimination,  we  obtain  the  values 

a;=2.4702;  y=3.5509;  z=1.9157. 
If  we  substitute  in  equations  (1),  (2),  (3),  and  (4),  of  page  221, 
the  values  found  in  Art.  237,  we  shall  find  the  errors  of  these 
several  equations  to  be 

-.1674,  -.1676,  +.1673,  -.1671; 
the  sum  of  whose  squares  is 

0.1120. 
If  we  substitute  in  the  same  equations  the  values  last  found, 
we  shall  find  the  errors  of  these  several  equations  to  be 

-.2493, -.0661, +.0945, -.0704; 
the  sum  of  whose  squares  is 

0.0804. 
The  sum  of  the  squares  of  the  errors  resulting  from  employ- 
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ing  the  last  obtained  values  of  x,  j/y  and  Zj  is  less  than  that  re- 
salting  from  the  former  values ;  and  henoe,  according  to  the 
principle  of  Legendre,  the  last  values  have  a  greater  probability 
in  their  favor  than  the  former. 

An  example  of  the  application  of  this  method  will  be  found 
on  page  334. 


EXAMPLES. 


1.  Given  the  moon's  right  ascension,  as  follows : 
1859,  August  25,    Oh.  R.  A.=  7h.  43m.    7.05s. 


12 

26,  0 
12 

27,  0 
12 


a 


ii 


u 


(( 


u 


8 
8 
9 
9 
10 


14 
44 
14 
42 
10 


12.80 
34.81 
9.29 
56.19 
58.55 


Hequired  the  moon's  right  ascension  August  26,  at  dh. 

2.  Required  the  apparent  right  ascension  and  north  polar  dis- 
tance of  a  Lyrse  (see  page  446)  August  19, 1859. 

3.  Griven  the  equations 

3a;+4y=16, 
5a;-3y=14, 
7x-6y=17, 
2x+9y=19, 
to  find  the  most  probable  values  of  x  and  i/. 

4.  Required  the  mean  time  of  opposition  in  right  ascension 
of  the  sun  and  moon  Feb.- 16,  1859,  from  the  following  data: 


Daw. 

San*8  Rlgbt  Ascension. 

Moon's  Right  Ascension. 

b. 

h.          n.             8. 

h.         m.            s. 

Feb.  16,    21 

22      1      32.87 

9    58      3.57 

22 

22      1      42.54 

10      0    21.89 

23 

22     ,1      52.21 

10      2    39.85 

24 

22      2        1.88 

10      4    57.45 

5.  Required  the  hourly  motion  of  the  moon  from  the  sun 
February  16,  1859^  at  22h.  37m.  428.,  according  to  the  pre- 
ceding data. 

P 


CHAPTER  X. 

ECLIPSES  OB  THE  MOON. 

(240.)  The  time  of  beginning  or  end  of  a  lunar  eclipse  at 
any  place  may  be  found  by  adding  its  longitude  to  the  times 
given  in  the  Nautical  Almanac  for  the  meridian  of  Washington 
when  the  longitude  is  east,  or  subtracting  the  longitude  when 
it  is  west.  The  times  given  in  the  Nautical  Almanac  may  be 
deduced  from  the  right  ascensions,  declinations,  etc.,  of  the  sun 
and  moon,  by  the  following  method. 

An  eclipse  of  the  moon  can  only  happen  at  the  time  of  full 
moon.  If  the  moon  at  that  time  is  within  about  12  degrees  of 
one  of  its  nodes,  there  may  be  an  eclipde.  To  find  whether  there 
will  be  one,  and  to  calculate  the  times  and  phases,  proceed  as 
follows : 

(241.)  Find  the  Washington  mean  time  of  opposition  in  right 
ascension  by  the  Nautical  Almanac,  in  the  manner  explained 
in  Art.  225.  For  this  time  compute  the  declination,  horizontal 
parallax,  and  semi-diameter,  both  of  the  sun  and  moon ;  also 
the  hourly  motion  of  the  moon  from  the  sun,  both  in  right  as- 
cension  and  declination,  as  explained  in  Art.  226. 

Let  C  represent  the  centre  of  the  earth's  shadow  (see  figure 
on  page  opposite),  whose  right  ascension  is  the  same  as  that  of 
the  sun,  increased  by  12  hours,  and  its  declination  is  the  dec- 
lination of  the  sun,  with  a  contrary  sign.  Let  DCM  be  a  me- 
ridian passing  through  the  centre  of  the  shadow,  and  ACB  a 
great  circle  perpendicular  to  it.  Select  a  convenient  scale  of 
equal  parts,  and  from  it  take  CGr,  equal  to  the  moon's  declina- 
tion, minus  the  declination  of  the  centre  of  the  shadow,  and 
set  it  on  CD,  from  C  to  G,  above  the  line  AB,  if  the  centre  of 
the  moon  is  north  of  the  centre  of  the  shadow,  but  below  if 
south.  Take  CO,  equal  to  the  hourly  motion  of  the  moon  from 
the  sun  in  right  ascension,  reduced  to  the  arc  of  a  great  circle^ 
and  set  it  on  the  line  CB,  to  the  right  of  C.  Take  CP,  equal 
to  the  moon's  hourly  motion  from  the  sun  in  declination,  and 
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set  it  on  tlie  line  CD,  from  C  to  P,  above  the  line  AB,  if  the 
moon  is  moving  northward  with  respect  to  the  shadow ;  below, 


if  moving  sonthward.  Join  the  pointa  0  and  P.  The  line  OP 
will  represent  the  hourly  motion  of  the  moon  from  the  sun ;  and 
parallel  to  it,  through  G-,  draw  NG-L,  which  will  represent  the 
relative  otlHt  of  the  moon,  the  earth's  shadow  being  supposed 
stationaiy.  On  this  line  are  to  be  marked  the  places  of  the 
mooa  before  and  after  opposition,  by  means  of  the  hourly  mo- 
tion OP,  in  such  a  manner  that  the  moment  of  oppoation  may 
fall  exactly  on  the  point  G-. 

(242.)  The  semi-diarneter  of  the  earth's  shadow  is  equal  to 
the  horizontal  parallax  of  the  moon,  plus  that  of  the  sun,  minus 
the  sun's  semi-diameter;  which  result  must  be  increased  by 
l^th  part,  on  acoonnt  of  the  earth's  atmosphere.  With  this 
radius  describe  the  oirole  ADB  about  the  centre  C.  Add  the 
moon's  semi-diameter  to  the  radios  CB,  and  with  this  sum  for 
a  radius,  describe  about  the  centre  C  a  circle,  which,  if  there 
be  an  eclipse,  will  cut  NL  in  two  points,  E  and  H  representing 
respectively  the  places  of  the  moon's  centre  at  the  beginning 
end  end  of  the  eclipse.  Draw  the  line  CKR  perpendicular  to 
liN,  and  cutting  it  in  K,     The  hours  and  minutes  marked  on 
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the  line  LN,  at  the  points  E,  K,  and  H,  will  represent  respeot- 
iveiy  the  times  of  the  beginning  of  the  eclipse,  middle  of  the 
eclipse,  and  end  of  the  eclipse.  If  the  circle  does  not  intersect 
NL,  there  will  be  no  eclipse.  With  a  radius  equal  to  the  moon's 
semi-diameter,  describe  a  circle  about  each  of  the  centres,  E,  H» 
and  K.  If  the  eclipse  is  total,  the  whole  of  the  circle  about  K 
will  fall  within  ARB ;  but  if  part  of  the  circle  falls  without 
ARB,  the  eclipse  will  be  partial.  In  either  case  the  magnitude 
of  the  eclipse  will  be  represented  by  the  ratio  of  the  obscured 
part,  RI,  to  the  moon's  diameter.  When  the  eclipse  is  total, 
the  beginning  and  end  of  total  darkness  may  be  found  by  taking 
a  radius  equal  to  CB,  diminished  by  the  moon's  semi-diameter, 
and  describing  with  it,  round  the  centre  C,  a  circle,  cutting  LN 
in  two  points,  representing  respectively  the  points  of  beginning 
and  end  of  total  darkness. 

Example  1. 

(243.)  Required  the  times  of  beginning,  end,  etc.,  of  the 
eclipse  of  the  moon,  October  24,  1855,  at  Washington  Observ- 
atory. 

By  the  Nautical  Almanac,  the  Washington  mean  time  of  op- 
position in  right  ascension  is,  October  24,  14h.  10m.  29.68., 
which  fesult  differs  somewhat  froni  that  found  on  page  211. 
Corresponding  to  this  time,  the  Nautical  Almanac  furnishes  the 
following  elements : 

Declination  of  the  moon !  ...  N.  11  42  26.9 

Declination  of  .the  earth's  shadow N.  11  56  48.0 

Moon's  equatorial  horizontal  parallax  ....  59  45.8 

Sun's  horizontal  parallax 0    8.6 

Moon's  semi-diameter 16  19.2 

Sun's  semi-diameter 16    7.9 

Moon's  hourly  motion  in  right  ascension .  .  33  32.1 

Sun's  hourly  motion  in  right  ascension ...  2  23.4 

Hourly  motion  of  moon  in  declination  ...        N.  15  39.8 
Hourly  motion  of  shadow  in  decUnation  .  .        N.    0  52.1 


The  figure  of  the  earth  being  spheroidal,  that  of  the  diadbw 
will  deviate  a  little  from  a  circle,  so  that  to  have  a  mean  m- 
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dins  the  hormmtai  parallax  of  the  mooa  should  be  reduoed  to  a 
mean  latrlnide  of  45°.  This  rednotion,  by  Table  XIV.,  b  5".9 ; 
80  that  the  moon's  reduoed  parall&z  is  39'  39" .9.  Then,  to  ob- 
twu  CB,  the  semi-diajueter  of  the  earth's  shadow,  we  bare  59' 


39".9+8".6-16'  7".9,  which  is  equal  to  43'  40".6.  Increasing 
this  by  ^th  part  of  itself,  or  43".7,  we  have  44'  24".3=CB ; 
to  whioh  adding  the  moon's  semi-diameter,  we  obtain  GE  =60' 
43".d.  From  the  centre  C,  with  a  radius  CB,  taken  from  a  am- 
venient  scale  of  equal  parts,  describe  the  circle  ARB,  represent- 
ing the  earth's  shadow.  Draw  the  line  AGB  to  represent  a'par> 
allel  to.the  equator,  and  make  CG-  perpendicular  to  it,  equal  to 
14'  21".l,  which  is  the  moon's  declination,  minus  the  deolina- 
ticm  of  the  oentre  of  the  shadow ;  the  point  G  being  taken  be- 
low G,  because  the  oentre  of  the  moon  is  south  of  the  centre  of 
the  shadow. 

The  hourly  motion  of  the  moon  from  the  snn  in  right  ascen- 
sion is  30'  58".7,  whioh  must  be  reduced  to  the  arc  of  a  great 
circle  by  mnltiplying  it  by  the  ooeine  of  the  moon's  declination, 
11°  42'  26".9,  Art  72,  thus : 

30'  58".7  =  1858".7=3.269209 
cos.  Deo.=  9.990870 

Reduced  hourly  motion=1820".0=3.260079 
Hake  CO  equal  to  1820".0,  and  GF,  perpendicular  to  it,  equal 
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to  14^  47^^.7,  which  is  the  hourly  motion  of  the  moon  from  the 
shadow  in  declination,  the  point  P  being  placed  above  G,  because 
the  moon  was  moving  northward  with  respect  to  the  shadow. 
Join  OP ;  and  parallel  to  it,  through  Gr,  draw  the  line  NGL, 
which  represents  the  path  of  the  moon  with  respect  to  the 
shadow.  On  NL  let  fall  the  perpendicular  CK.  Now  at  14h. 
10m.  29.6s.  the  moon's  centre  was  at  Gr.  To  find  X,  the  place 
of  the  moon's  centre  at  14h.,  we  must  institute  the  proportion 

60m. :  10m.  29.6s. ::  OP :  GX ; 
which  distance,  set  on  the  line  G-N,  to  the  right  of  G,  reaches 
to  the  point  X,  where  the  hour,  14h.  preceding  the  full  moon,  is 
to  be  marked.  Take  the  line  OP,  and  lay  it  from  14h.,  toward 
the  right  hand,  to  13h.,  and  successively  toward  the  left  to  15h., 
16h.,  etc.  Subdivide  these  lines  into  60  equal  parts,  represent- 
ing minutes,  if  the  scale  will  permit ;  and  the  times  correspond- 
ing to  the  points  E,  K,  and  H  will  represent  respectively  the  be- 
ginning of  the  eclipse,  12h.  36m. ;  the  middle  of  the  eclipse,  14h. 
22m. ;  and  the  end  of  the  eclipse,  16h.  7m. 

If  the  results  obtained  by  this  method  are  not  thought  to  be 
sujQBiciently  accurate,  we  may  institute  a  rigorous  computation. 

COMPUTATION   OF  ECLIPSE. 

(244.)  The  phases  of  the  eclipse  may  be  accurately  calculated 
in  the  following  manner : 

In  the  right-angled  triangle  OOP,  we  have  given  CO = 1820'^0 
and  CP=887''^7,  to  find  OP  and  the  angle  CPO,  thus: 

CP:R::CO:tang.  CPO. 

CO = 1820^^0 = 3.260079 
CP=  887-^^7=2.948266 
CPO = 630  59^  69^'  tang. = 0.311813 
Also,  sin.  CPO :  R ::  CO :  OP. 

CO =3.260079 
sin.  CPO =9.953659 
OP = 2025^^0 = 3.306420 
The  angle  CPO  is  equal  to  CGK,  because  GE  and  OP  are 
parallel.     Then,  in  the  triangle  CGE,  we  have  the  angle  CGE 
=  116^  0^  V^;  CG,  the  difference  of  declination  between  the 
moon  and  the  centre  of  the  shadow,  =J.4'  21^^.1=861^^1 ;  and 
the  line  CE=60'  43''.5=3643''.5,  to  find  the  6ther  parts  of  the 
triangle,  thus : 
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CE  :  sin.  CGE ::  CG :  sin.  CEG. 

CE  comp.  =  6.438481 

sin.  CGE= 9.953659 

CG= 2.935054 

CEG=12o  15^  5r'  sin=9.327194 

Therefore  the  angle  ECG=5lo  44^  8'^     Then 

sin.  CGE  :  CE ::  sin.  ECG :  EG. 
sin.  CGE  co»tp.= 0.046341 
CE  =  3.561519 
sin.  ECG= 9.894959 
EG = 3182^^9 = 3.502819 
Then,  to  find  the  time  of  describing  EG,  we  say, 
As  OP  (2025^^0)  is  to  1  hour,  so  is  EG  (3182^^9)  to  the  time 
(5658.5s.)  Ih.  34m.  18.5s.,  between  the  beginning  of  the  eclipse 
and  the  time  of  opposition  in  right  ascension,  14h.  10m.  29.6s., 
which  gives  the  beginning  of  the  ecUpse  12h.  3<6m.  11.1s. 

The  middle  of  the  eclipse  is  found  by  means  of  the  triangle 
CGK,  which  is  similar  to  CPO,  in  which  the  angles  and  hy- 
pothenuse  are  given  to  find  CK  and  KG.     We  have 
R :  CG ::  sin.  CGK :  CK ::  cos.  CGK :  GK. 
sin.  CGK = 9.953659  cos.  CGK = 9.641846 

CG= 2.935054  CG= 2.935054 

CK = 774^^0 = 2.888713  GK = 377^^5 = 2.576900 

To  find  the  time  of  describing  GK,  we  form  the  proportion 
2025^^0 :  3600s. ::  377^^5 :  671.1s.  =  11m.  11.1s. ; 
which  being  added  to  14h.  10m.  29.6s.,  because  the  point  K  flEdls 
to  the  left  of  G,  gives  the  time  of  the  middle  of  the  eclipse,  14h. 
21m.  40.7s.  Subtract  the  time  of  beginning,  12h.  36m.  11.1s., 
firom  the  time  of  middle,  we  obtain  for  half  the  duration  of  &e 
eclipse  Ih.  45m.  29.6s. ;  which,  added  to  14h.  21m.  40.7s.,  gives 
for  the  end  of  the  eclipse  16h.  7m.  10.3s. 

Subtracting  CK,  12^  54'^0,  from  CR,  44"  24'^3,  we  have  KR, 
3r  30"^3 ;  to  which  adding  KI,  16'  19'^2,  we  obtain  RI,  47" 
49"".5.  Dividing  this  by  the  moon's  diameter,  32"  38"".4,  we  ob- 
tain the  magnitude  of  the  eclipse,  1.465  (the  moon's  diameter 
being  unity) ;  and  th^  eclipse  takes  place  on  the  moon's  north 
limb. 

(245.)  The  beginning  and  end  of  total  darkness  may  be  found 
in  the  same  manner.    With  a  radius  equal  to  CB,  diminished 
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by  the  moon's  semi-diameter  (that  is,  44^  24"  .3-16'  19'^2,. 
which  equals  28''  5'''.1,  or  1685^^.1),  describe  about  the  centre 
C  a  circle,  cutting  LN  in  the  points  S  and  T,  which  will  repre- 
sent the  points  of  beginning  and  end  of  total  darkness. 

In  the  triangle  CGS,  CO=86rM,  CSrrrieSS'M,  and  the  an- 
gle  CaS=116o  (y  v.    Hence  we  have 

CS :  sm.  CGS ::  CG :  sin.  CSG. 

.    CS  coi»p.= 6.773374 

sin.  CGS= 9.953659 

eg =2.935054 

CSa=27o  20^  29'^  sin.=9.662087 

Therefore  the  angle  SCG =36o  39'  3Xy'.    Then 

sm.  CaS :  CS ::  sin.  SCG  :  SG. 

sin.  CaS  comp.= 0.046341 

CS= 3.226626 

sin.  SCG =9.776005 

GS=1119'^4=3.048972 

Then,  to  find  the  time  of  describing  GS,  we  say, 

,  2025^0 :  3600s. ::  1119'''.4 :  1990.0s. = 33m.  10.0s. ; 

which,  being  subtracted  from  14h.  10m.  29.6s.,  gives  the  be- 
ginning of  total  darkness,  13h.  37m.  19.6s.  Subtracting  this 
from  the  time  of  middle,  we  obtain,  for  half  the  duration  of  total 
darkness,  44m.  21.1s.,  which,  added  to  14h.  21m.  40.7s.,  gives, 
for  the  end  of  total  darkness,  15h.  6m.  1.8s. 

■ 

(246.)  The  contacts  with  the  penumbra  inay  be  found  in  a 
similar  manner.  The  semi-diameter  of  the  penumbra  is  equal 
to  the  semi-diameter  of  the  shadow,  plus  the  sun's  diameter,  or 
44"  24'^3 + 32'  1 5'^8 = 76'  40".l.  If  we  take  the  circle  AEB, 
in  the  figure  on  page  229,  to  represent  the  limits  of  the  penum- 
bra, CE  wiU  be  equal  to  76'  40'M  +  16'  19''.2=92'  59''.3. 
Then,  in  the  triangle  CGE,  we  have  given  the  angle  CGE 
=1160  {y  1//,  CG=861".l,  and  CE=5579".3,  to  find  GE, 
dius :  CE  :  sin.  CGE  ::  CG  :*sin.  CEG. 

CE  comp.= 6.253420 

sin.  CGE  =|9.953659 

CG=2.935054 

CEG=7^  58' 25'' sin.=9.142133 

Therefore  the  angle  E CG = 56^  1'  34".     Then 
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sin.  CGE :  CE ;:  sin.  ECG :  EG. 

sin.  CGE  comjt?.= 0.046341 

CE =3.746580 

sin.  ECG =9.918708 

EG=6147'^9=;3.711629 

To  find  the  time  of  describing  EG,  we  say, 
2025'^0 :  3600s. ::  6147^''.9 :  9151.9s. =2h,  32m.  31.9s. , 
which,  subtracted  from  14h.  10m.  29.6s.,  gives  the  first  contact 
with  the  penumbra  at  llh.  37m.  57.7s.  Subtracting  the  time 
of  first  contact  from  the  middle  of  the  eclipse,  14h.  21m.  40.7s., 
we  have  for  half  the  duration,  2h.  43m.  43.0s. ;  which,  added 
to  14h.  21m.  40.7s.,  gives,  for  the  last  contact  with  the  penui9- 
bra,  17h.  5m.  23.7s. 

The  results  thus  obtained  axe  as  fdlows : 


m.    M. 


Mean  time 

at 
Washington. 


First  contact  with  the  penumbra  at .  .  11  37  58 ' 

First  contact  with  the  umbra 12  86  11 

Beginning  of  total  eclipse 13  37  20 

Middle  of  the  eclipse 14  21  4.1 

End  of  total  eclipse 15    6    2 

Last  contact  with  the  umbra 16    7  10 

Last  contact  with  the  penumbra  ...  17    5  24  > 

Magnitude  of  the  eclipse,  1.465  on  the  northern  limb. 

To  obtain  the  time  for  any  other  place,  .we  have  only  to  add 
or  subtract  the  longitude.  For  Cambridge  Observatory,  whose 
longitude  is  23m.  41.5s.  east  of  Washington,  the  times  will  ac- 
cordingly be 

k.     m.     a. 

First  contact  with  the  penumbra  at  .  .  12    1  39 

First  contact  with  the  umbra 12  59  53 

Beginning  of  total  eclipse 14    1    1 

Middle  of  the  eclipse 14  45  22 

End  of  total  eclipse 15  29  43 

Last  contact  with  the  umbra 16  30  52 

Last  contact  with  the  penumbra  ....  17  29    5^ 

Ex.  2.  Compute  the  phases  of  the  eclipse  of  May  1, 1855,  for 
Cambridge  Observatory,  Longitude  23m.  41.5s.  east  of  Wash- 
ington, from  the  following  elements : 


Mean  time 

at 
Cambridge. 
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Washington  mean  time  of  opposition  in 

right  ascension lOh.  49m.  lO.ls. 

Declination  of  the  moon   .  .  .  *. S.  15°    V  24^^.4. 

Declination  of  the  earth's  shadow  ....  S.  15    11  32  .0. 
Moon's  equatorial  horizontal  parallax  .  .  57     9  .4. 

Sun's  horizontal  parallax  .  .  .  .  * 0     8  .5. 

Moon's  semi-diameter 15  35  .6. 

Sun's  semi-diameter 15  54  .1. 

Moon's  hourly  motion  in  right  ascension  .  "^Sl  34  .2. 

Sun's  hourly  motion  in  right  ascension  .  2  23  .2. 

Hourly  motion  of  moon  in  declination  .  .         S.  13  10  .1. 
Hourly  motion  of  shadow  in  declination  .         S.    0  45  .1. 

Ans. 

First  contact  with  the  penumbra  at  .  .    8  27  37 

First  contact  with  the  umbra 9  30    6 

Beginning  of  total  eclipse 10  32  40 

Middle  of  the  ecUpse 11  20  49 

End  of  total  eclipse 1^    8  58 

Last  contact  with  the  umbra 13  11  32 

Last  contact  with  the  penumbra    ...  14  14    0 

Magnitude  of  the  eclipse,  1.549  on  the  southern  limb. 


Mean  time 

at 
Cambridge. 


CHAPTER  XL 

EGUPSES  OF  THE  SUN  AND  OCCULTATIONS. 

Section   I. 

METHOD   OF    PROJECTING   SOLAR    ECLIPSES. 

(247.)  In  order  to  ascertain  whether  a  solar  eolipse  will  be 
visible  at  a  particular  place,  and  if  so,  to  determine  its  general* 
appearance,  we  will  suppose  the  spectator  to  be  placed  at  the 
centre  of  the  sun,  to  look  down  upon  the  earth,  and  see  the 
moon  passing  across  its  disk.  The  earth,  in  that  case,  must  ap- 
pear to  him  like  a  flat  circular  disk,  as  the  full  moon  does  to  us ; 
and,  on  account  of  the  obliquity  of  the  ecliptic,  the  position  of  the 
pole,  as  well  as  the  path  described  by  each  point  on  the  earth's 
surface  in  consequence  of  the  diurnal  motion,  must  vary  with 
the  season  of  the  year.  At  the  time  of  the  vernal  equinox,  the 
plane  of  the  equator  passes  through  the  sun ;  the  poles  must 
therefore  appear  to  be  situated  upon  the  margin  of  the  disk,  and 
the  equator  inclined  23^  degrees  to  the  ecliptic,  as  in  Fig,  1, 
where  AB  represents  the  ecliptic,  H,  H""  the  poles  of  the  ecliptic, 
EQ  the*equator,  P,  P^  the  poles  of  the  equator,  and  DB,  AF  par- 
allels  of  latitude,  which  appear  to  the  spectator  like  straight 


lines.  At  the  autumnal  equinox  the  parallels  of  latitude  will 
also  appear  as  straight  lines,  but  the  poles  of  the  earth  will  lie 
on  the  opposite  side  of  the  poles  of  the  ecliptic,  as  represented  in 
Fig.  2.    At  the  summer  solstice  the  north  pole  of  the  earth  will 
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«  occupy  the  position  indicated  by  P,  in  Fig.  3 ;  the  south  pole 

of  the  earth  will  be  invisible,  the  equator  will  occupy  the  posi- 

-  tioD  EMQ,  and  the  parallels  of  latitude  will  all  be  projected  into 


ellipses.  At  the  winter  solstice  the  soulii  pole  of  the  earth  will 
be  seen  as  represented  at  P^,  in  Fig.  4 ;  tiie  north  pole  will  be 
invisible,  and  the  equator  will  occupy  the  position  EMQ,.  These 
different  cases  may  all  be  readily  illustrated  by  means  of  a  ter- 
restrial globe. 

(248.)  In  order  to  project  an  eclipse  of  the  sun,  we  must  first 
represent  the  earth  as  it  would  appear  to  a  spectator  on  the  sun 
at  the  time  proposed.  We  must  then  draw  the  parallel  of  lati- 
tude corresponding  to  the  place  for  which  the  phases  of  the 
eclipse  are  to  be  determined,  and  mark  upon  this  parallel  the 
position  of  the  given  place  for  the  different  hours  of  llie  day. 
We  must  then  draw  the  moon's  apparent  path  across  the  earth's 
disk,  and  mark  the  points  which  it  occupies  at  each  hour  of  its 
transit  We  must  then  find  that  point  of  the  moon's  path,  and 
the  point  in  the  path  of  the  spectator,  marked  with  the  same 
times,  which  are  at  the  least  distance  from  each  other.  This 
will  indicate  the  time  when  the  eclipse  is  greatest.  We  must 
find,  in  the  same  manner,  that  point  of  the  moon's  path,  and  that 
point  in  the  path  of;  the  spectator,  \yhich  are  marked  with  the 
same  hour,  and  whose  distance  firom  each  other  is  equal  to  the 
sum  of  the  semi-diameters  of  the  sun  and  moon.  This  will  in- 
dicate the  time  of  beginning  or  end  of  the  ecUpse.  This  method 
will  be  easily  understood  ficom  the  following  example : 
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Example. 

(249.)  Required  the  times  and  phases  of  the  eplipse  of  the 
sun,  May  26,  1864,  at  Boston^  latitude  42^  2V  2W'  N.,  longi- 
tude 4h.  44m.  148.  "W.  of  Greenwich. 

By  the  Nautical  Almanac,  the  time  of  new  moon  at  Green- 
wich is,  May  26,  8h.  47.1m.  mean  time,  corresponding  to  4h. 
2.9m.  mean  time  at  Boston;  or  4H.  6.1m.  apparent  time,  the 
equation  of  time  being  +3m.  15.4s. 

For  this  time,  the  elements  of  the  eclipse  are  as  follows : 

Sun's  Ipngitude 65°  12^  32"^ 

Sun's  decUnation  . 21°  11"  17'"N. 

Moon's  latitude 21"  30""= 1290""  N. 

Moon's  hourly  motion  in  longitude   .  .  .  ..  1807' 

Sun's  hourly  motion  in  longitude 144" 

Moon's  hourly  motion  in  latitude 167' 

Moon's  equatorial  horizontal  parallax  .  .  .         54^  32"".6. 
Sun's  equatorial  horizontal  parallax  ....  8"".5. 

Moon's  true  semi-diameter 14"  53"".5. 

Sun's  true  semi-diameter 15"  48"".9. 

The  geocentric  latitude  of  Boston,  which  is  to  be  used  in  the 
following  projection,  is  42°  10"  0"". 

The  relative  positions  of  the  sun  and  moon,  will  be  the  same 
if  we  attribute  to  the  moon  the  effect  of  the  difference  of  their 
parallaxes,  and  suppose  the  sun  to  remain  in  his  true  position. 
This  difference  is,  therefore,  the  relative  parallax,  or  that  which 
influences  the  relative  position  of  the  two  bodies.  The  moon's 
equatorial  horizontal  parallax  is  54"  32"".6 ;  its  horizontal  paral- 
lax for  Boston  (Art.  210)  is  54"  27"^6 ;  and  the  relative  paral- 
lax  is  54"  19"^.l,  or  3259"".l,  whidi  represents  the  apparent  semi- 
diameter  of  the  earth's  disk,  if  seen  at  the  distance  of  the  moon 
from  the  earth ;  while  14"^  53"^.5  represents  the  moon's  apparent 
semi-diameter,  seen  from  the  same  distance.  These  numbers 
will,  therefore,  represent  their  relative  magnitude  when  seen  at 
any  distance.  '  Take,  therefore^  AC  (see  figure  on  next  page), 
equal  to  3259,  from  any  convenient  scale  of  equal  parts,  and  de- 
scribe the  semicircle  ADB  to  represent  the  northern  half  of  the 
earth's  disk  as  seen  from  the  sun,  and  draw  CD  perpendicular 
to  AB  for  the  axis  of  the  ecUptic.    Take  the  chord  of  23°  28' 
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(equal  to  the  obliquity  of  the  ecliptic),  corresponding  to  the  ra- 
dius AC,  and  set  it  off  on  the  circle  ADB,  upon  each  side  of  D, 
to  E  and  H.  In  this  and  several  subsequent  cases,  when  a 
chord  or  sine  is  required  corresponding  to  a  particular  radius,  it 
is  most  conveniently  obtained  from  a  sector,  but  may  be  derived 
firom  any  scale  of  chords  or  sines.  Draw  the  line  EH,  cutting 
CD  in  K.  By  comparing  figures  1,  2,  3,  and  4,  on  pages  235 
and  236,  it  will  be  perceived  that  the  pole  of  the  earth,  as  viewed 
from  the  sun,  will  appear  to  revolve  with  the  seasons  of  the  year 
through  the  lin^  HKE  ;  and  since  H  is  its  position  ht  the  vernal 
equinox,  its  distance  at  any  time  from  H  will  be  equal  to  the 
versed  sine  of  the  sun's  longitude ;  or  its  distance  from  the  sol- 
stice, K,  will  be  equal  to  the  sine  of  the  difference  between  the 
sun's  longitude  and  90^,  or  270o.  Take,  then,  the  sine  of  90^ 
—65°  12^5,  that  is,  the  sine  of  24°  47^5  to  the  radius  EK,  and 
set  it  off  from  K  to  P,  which  will  be  the  place  of  the  pole  of  the 
earth.  Draw  CP,  and  produce  it  to  cut  the  circle  ADB  in  M. 
The  line  CP  represents  the  northern  half  of  the  earth's  axis. 

(250.)  We  wish  now  to  represent  the  parallel  of  latitude  of 
Boston,  or  the  path  of  Boston  on  the  earth's  disk,  as  seen  from 
the  sun.  If  the  latitude  of  the  place  were  just  equal  to  the  sun's 
declination,  the  sun  would  be  vertical  at  noon,  and  Boston  would 
be  seen  precisely  at  the  centre  of  the  disk  at  C  ;  but  since  the 
latitude  exceeds  the  sun's  decUnation  by  20®  59'',  Boston  must 
be  seen  that  distance  north  of  the  point  where  the  sun  is  verti- 
cal, which,  when  projected  on  the  disk,  becomes  the  sine  of  the 
arc,  measured  from  C  on  the  axis  CP.  Take,  then,  the  sine  of 
20^  69'  to  the  radius  AC,  and  set  it  off  from  C  to  12.  This 
point  will  be  the  apparent  position  of  Boston  at  noon. 

If  the  earth  were  transparent,  Boston  would  be  seen  at  mid- 
night somewhere  upon  the  line  CM,  and  north  of  the  point  12. 
The  point  antipodal  to  that  at  which  the  sun  is  vertical,  and 
which  also  would  be  seen  at  C,  is  as  many  degrees  south  of  the 
equator  as  the  sun's  declination  is  north.  Hence  the  distance 
of  Boston  from  this  point  at  midnight  must  be  equal  to  the  lati- 
tude of  the  place  added  to  the  sun's  declination,  which  amounts 
to  63°  2r.  With  the  radius  AC,  take  the  sine  of  63°  21^  and 
set  it  off  from  C,  upon. the  line  CP,  to  S.  The  point  S  will  rep- 
resent the  apparent  place  of  Boston  at  midnight. 
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The  line  12,  S  is  the  shortest  diameter  of  the  ellipse  into  which 
the  parallel  of  latitude  appears  projected,  from  heing  seen  oh- 
liquely.  The  point  T,  midway  between  12  and  S,  is  its  centre ; 
and  the  line  6,  6  drawn  through  T,  perpendicular  to  CM,  is  its 
longest  diameter.  The  line  6,  6  not  being  shortened  by  being 
seen  obliquely,  will  appear  of  the  length  of  the  radius  of  the  par- 
allel, whiqh  is  equal  to  the  cosine  of  the  latitude.  The  comple- 
ment of  the  latitude  of  Boston  is  47^  5(K ;  and  setting  off  its 
sine  each  way  from  T  to  6  and  6,  we  find  the  extremities  of  the 
longest  diameter,  which  must  be  the  points  on  the  disk  where 
Boston  will  be  seen  at  six  o'clock  in  the  morning  and  at  six 
o'clock  in  the  evening. 

(251.)  The  position  of  Boston  at  any  other  hour  of  the  day 
may  be  found  as  follows :  With  a  radius  equal  to  T,  6,  take  the 
sine  of  15^  (corresponding  ito  one  hour),  and  set  it  off  on  each 
side  of  the  point  T  to  the  points  marked  15^.  In  the  same  man- 
ner, set  off  the  smes  of  30°,  45°,  60°,  and  75°.  Through  these 
points  draw  lines,  as  in  the  figure,  parallel  to  CH.  With  a  ra- 
dius equal  to  ST,  take  the  sine  of  75^,  and  set  it, off  on  the  line 
1, 11,  from  the  point  marked  15^,  above  and  below  the  line  6,  6. 
In  the  same  manner,  set  off  the  sines  of  60^,  45^,  30°,  and  15°, 
from  the  points  marked  30°,  45°,  60°,  and  75°.  The  points  1, 
2,  3,  etc.,  obtained  in  this  manner,  will  represent  the  situation 
of  Boston  at  those  hours,  and  an  ellipse  drawn  through  these 
points  will  represent  its  apparent  path.  The  hours  must  be 
marked  from  noon  toward  the  right,  in  succession,  round  the 
curve.  The  path  touches  the  circle  ADB  in  two  points,  repre- 
senting the  points  of  sunrising  and  sunsetting,  which,  in  the 
present  figure,  are  4^  A.M.  and  7^  P.M.  These  points  divide 
the  path  into  two  parts,  of  which  one  represents  the  path  by  day 
and  the  other  by  night. 

(252.)  We  wish  now*  to  represent  the  moon's  apparent  path 
across  the  earth's  disk.  From  the  same  scale  upon  which  AC 
was  measured,  take  an  interval  equal  to  the  moon's  latitude, 
129(K^  and  apply  it  on  CD,  from  C  to  G,  above  the  line  ACB, 
because  the  moon's  latitude  is  north.  Take  CO,  equal  to  1663'^ 
the  hourly  motion  of  the  moon  from  the  sun  in  longitude,  and 
set  it  on  the  line  CB,  from  C  to  0.  Draw  OR  perpendicular  to 
CB,  and  make  it  equal  to  167'',  tiie  moon's  hourly  motion  in  lat- 
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itude,  and  set  it  above  the  line  ACB,  because  the  moon  is  going 
northward.  Draw  the  line  CR,  which  represents  the  hourly  mo- 
tion of  the  moon  from  the  sun  on  the  relative  orbit ;  and  paral- 
lel to  this  Une,  draw  the  relative  orbit  of  the  moon,  LGN,  on 
which  are  to  be  marked  the  places  of  the  moon  before  and  after 
the  conjunction,  by  means  of  the  hourly  motion,  CR,  so  that  the 
moment  of  the  new  moon  at  Boston  may  fall  exactly  on  the 
point  G-,  where  the  new  moon  is  at  4h.  6m.  This  may  be  done 
by  instituting  the  proportion 

60m. :  the  line  CR ::  6m. :  the  line  G,  IV. 

This  distance  is  to  be  set  off  on  the  line  GrL,  from  Gr,  toward 
the  left,  to  the  point  lY,  the  place  of  .the  moon  at  four  o'clock. 
Then  the  distance  CR  being  taken  in  the  compasses,  and  set 
from  rV,  both  toward  the  right  and  left,  as  often  as  may  be  nec- 
essary, gives  the  places  of  the  moon's  centre  at  3,  4,  5,  6,  etc., 
o'clock,  by  apparent  time.  These  hours  may  be  divided  into 
60  equal  parts,  representing  minutes,  if  the  scale  be  taken  snffi- 
ciently  large. 

(253.)  Find,  by  trials  with  a  pair  of  compasses,  two  points, 
one  on  the  moon's  path,  and  the  other  on  the  path  of  the  specta- 
tor, both  of  which  are  marked  with  the  same  times,  and  which 
are  at  the  least  distance  from  each  other.  That  time,  which  in 
the  present  case  is  5h.  44m.,  is  the  instant  when  the  eclipse  is 
greatest. 

The  appearance  of  the  moon,  as  projected  upon  the  earth's 
disk  at  any  hour,  may  be  shown  by  taking  its  semi-diameter, 
893^^.5,  and  with  this  radius  describing  a  circle,  whose  centre  is 
the  point  where  the  moon's  centre  will  be  at  the  time  proposed. 
The  figure  shows  the  appearance  of  the  moon  at  5h.  44m.  If, 
with  a  radius  equal  to  the  sun's  semi-diameter,  948^^9,  we  de- 
scribe a  circle  whose  centre  is  the  position  of  Boston  at  the  same 
instant,  this  circle  will  represent  the  sun's  disk  at  the  middle  of 
the  eclipse.  The  moon's  semi-diameter  being  considerably  less 
tiian  the  sun's,  the  eclipse  is  seen  to  be  annular  at  Boston. 
Throughout  the  entire  tract  represented  as  covered  by  the  moon's 
disk,  the  sun's  centre  must  be  invisible ;  that  is,  along  the  par- 
allel of  latitude  of  Boston,  between  the  hours  3  and  7,  which 
amounts  to  more  thaa«60  degrees  of  longitude ;  and  throughout 
a  much  larger  area,  some  portion  of  the  sun's  disk  will  be  con* 
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cealed.  The  ei^nt  of  this  area  may  be  determined  by  describ- 
ing a  cmsle  with  the  same  centre,  and  a  radius  equal  to  the  sum 
of  the  radii  of  the  sun  and  moon. 

(254.)  The  echpse  must  commence  at  Boston  as  soon  as  the 
disks  of  the  sun  and  moon  b^n  to  interfere.  Take,  then,  from 
the  scale  of  equal  pcurts,  with  a  pair  of  compasses,  an  extent 
equal  to  the  sum  of  the  semi-diameters  of  the  sun  and  moon, 
1842^^.4,  and,  beginning  near  L,  set  one  foot  on  the  moon's  path 
and  the  other  fcot  on  the  path  of  the  spectator,  and  move  them 
backward  and  forward  till  both  the  points  fall  into  the  same 
hour  and  minute  in  both  paths.  This  will  indicate  the  begin- 
ning of  the  eclipse,  which,  in  the  present  case,  is  4h.  30m.  Do 
the  same  on  the  other  side  of  the  moon's  path,  and  the  end  of  the 
eclipse  will  be  found,  in  the  same  manner,  at  6h.  51m.  We 
have  thus  obtained  the  following  results  for  Boston : 

Apparent  Time.        Mean  Time, 
a.     fii«  a*    Tfim 

Beginning  of  eclipse 4  30     =     4  27  P.M. 

Greatest  obscuration 5  44     =     5  41 

End  of  eclipse 6  51     =     6  48 

The  results  are  obtained  in  apparent  time,  because  the  points 
1,  2,  3,  etc.,  on  the  parallel  of  Boston,  correspond  to  apparent 
time,  and  the  places  of  the  iTloon  upon  its  relative  orbit  were 
also  determined  for  apparent  time. 

When  this  projection  is  carefully  made,  it  will  furnish  the 
times  of  beginning  and  end  within  one  or  two  minutes. 

By  drawing  different  parallels  of  latitude,  we  may  determine 
the  phases  of  the  eclipse  at  any  number  of  places  required. 

SECOND   METHOD   OF   PROJECTION. 

(255.)  In  the  preceding  projection  we  have  employed  the 
longitude  and  latitude  of  the  sun  and  moon,  as  well  as  their 
hourly  motions  in  longitude  and  latitude ;  but  the  projection  may 
be  made  with  about  equal  facility  by  emptying  the  right  ascen- 
sion and  deoUnation  of  these  bodies.  This  method  differs  from 
the  preceding  in  only  a  few  particulars. 

In  the  figure  on  the  opposite  page,  AC,  the  radius  of  the  cir- 
cle of  projection,  is  the  difference  of  the  horizontal  parallaxes  uf 
the  sun  and  moon;  CD  is  a  meridian  or  circle  of  declination ; 
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6|  12,  6  Uie  projection  of  the  parallel  of  latitude  of  the  place ; 
L6N  the  moon's  apparent  path ;  CG-  the  difference  of  declina- 
tion of  the  sun  and  moon  at  the  instant  of  conjunction  in  right 
ascension ;  C12  the  sine  of  the  sun's  zenith  distance  at  noon ; 
and  6T  the  radius  of  the  parallel  of  latitude. 

The  hourly  motions  of  the  moon  and  sun,  being  given  in  right 
ascension,  must  be  multiplied  by  the  cosine  of  the  declination  to 
reduce  them  to  an  arc  of  a  great  circle,  by  Art.  72.  CO,  in  the 
figure,  represents  this  reduced  hourly  motion  of  the  moon  from 
the  sun,  and  OR  the  hourly  motion  of  the  moon  from  the  sun  in 
declination.  The  distance  CB  represents  the  moon's  relative 
hourly  motion  on  its  apparent  path. 

We  will  apply  this  method  to  the  eclipse  of  May  26, 1854,  for 
Boston. 

(256.)  By  the  Nautical  Almanac,  conjunction  in 'right  ascen- 
sion takes  place  at  8h.  55m.  43.2s.,  Greenwich  mean  time,  cor- 
responding to  4h.  11m.  29s.  mean  time  at  Boston,  or  4h.  14m. 
44s.  apparent  time.     For  this  time  we  obtain  from  the  Almanac 

the  moon's  hourly  motion  in  right  ascension  .  .  3F  18^^9. 
"   sun's  hourly  motion  in  right  ascension  ...    2'  31''.8. 

Hence  the  hourly  motion  of  the  moon  from  the  sun  in  right 
ascension  is  28^  47^M,  which,  multiplied  by  the  cosine  of  the 
moon's  declination,  21^  33'  32'',  is  1606".3.  The  other  elements 
are  taken  directly  from  the  Almanac,  and  are  as  follows : 

ft 

Elements  of  the  Eclipse. 

Conjunction  in  right  ascension,  Boston 
apparent  time,  May  26 4L  14m.  44s.  P.H. 

K= radius  of  circle  of  projection  (see 
page  237) =  3259'M. 

Reduced  hourly  motion  of  moon  from 
sun  in  right.ascension 1606".3. 

Moon's  hourly  motion  from  sun  in  dec- 
lination    461".4. 

Moon  north  of  sun 1335".0. 

Sum  of  semi -diameters  of  sun  and 
moon 1842".4. 

Difference  of  semi-diameters  of  sun  and 
moon 55".4. 
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Take  AC,  equal  to  3259^^,  from  any  conyenient  scale  of  equal 
parts,  and  describe  the  semicircle  ADB  to  represent  the  north- 
ern half  of  the  earth's  disk,  and  draw  CD  perpendicular  to  AB 
for  the  axis  of  the  earth.  Open  the  sector  to  the  radius  AC, 
and  take  the  sine  of  20<^  69^=^"-^,  and  set  it  off  from  C  to  12, 
on  the  line  CD.  This  point  will  be  the  apparent  position  of 
Boston  at  noon.  With  the  same  radius,  take  the  sine  of  63^ 
21"=0"+d,  and  set  it  off  from  C  to  S,  on  the  line  CD.  The 
point  S  will  represent  the  apparent  place  of  Boston  at  midnight 
Bisect  the  line  12S  in  T,  and  through  T  draw  6,  T,  6  perpen- 
dicular to  CD.  With  the  same  opening  of  the  sector  as  before, 
take  the  cosine  of  the  latitude  of  the  place,  42^  1(K,  and  set  it 
off  each  way  from  T  to  6  and  6.  These  will  be  the  points 
where  Boston  will  be  seen  at  six  o'clock  in  the  morning  and 
six  o'clock  in  the  evening.  The  apparent  path  of  Boston  across 
the  earth's  disk  must  now  be  represented  as  described  on  page 
240. 

(257.)  The  projection  of  the  parallel  of  Boston  may  be  effect- 
ed without  the  aid  of  a  sector,  by  first  computing  the  quantities 
C12,  CS,  and  T6. 

C12=R  sin.  (0'-d)=3259'M  sin.  20°  58^  43'^=1167^^ 
CS=R  sin.  (0^+d)=3259^M  sin.  63°  2V  17^^=2913'^ 
T6 = R  oos^  ^^        =  3259^M  cos.  42°  10"    (^ =241 6'\ 

These  quantities  may.  now  be  set  off  from  the  san\e  scale  as 
AC,  without  the  aid  of  a  sector. 

Take  an  interval  equal  to  1335"",  which  is  the  difference  of 
declinations  of  the  sun  and  moon,  and  set  it  off  on  CD  from  C 
to  6,  above  the  line  ACB,  because  the  moon  is  north  of  the  sun. 
Take  CO,  equal  to  1606"",  the  reduced  hourly  motion  of  the 
moon  from  the  sun  in  right  ascension,  and  set  it  on  the  line  CB, 
from  C  to  0 ;  draw  OR  perpendicular  to  CB,  and  make  it  equal 
to  461,  the  moon's  hourly  motion  from  the  sun  in  declination. 
Draw  the  line  CB,  which  represents  the  hourly  motion  of  the 
moon  from  the  sun  on  the  relative  orbit ;  and  parallel  to  this 
line  draw  the  relative  orbit  of  the  moon,  LG-N.  At  Ihe  in- 
stant of  conjunction  in  right  ascension,  the  moon's  centre  will 
be  at  G. 

(258.)  Measure  the  distance  CB  on  the  scale,  and  say,  as 
60m.  :CR::{he  minutes  of  the  time  of.  conjunction :  the  di»- 
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tanoe  firom  Gr  to  the  first  fall  hour  point  to  the  left.    GE  is  found 
by  the  soale  to  be  1671''. 

60m. :  1671 ::  14.7m. :  409^'. 

Take  409^'  £com  the  soale,  and  set  it  from  G  to  lY.  Take  the 
distance  CB,  and  set  it  firom  lY,  along  the  moon's  path,  to  Y, 
YI,  etc.,  and  divide  eadi  hour  into  ten-minute  spaces.  Take 
firom  the  scale  the  sum  of  the  semi-diameters  of  the  sun  and 
moon,  and  ruiming  the  lefl  foot  of  the  dividers  along  the  moon's 
path,  while  the  other  i&  kept  on  the  ellipse,  notice  when  both 
stand  on  the  same  hour  space.  Subdivide  that  portion  of  the 
moon's  orbit  into  single  minute  spaces,  and  that  on  the  ellipse 
into  10  or  5  minute  spaces.  Do  the  same,  keeping  the  right 
foot  of  the  dividers  on  the  moon's  path,  and  subdivide  the  spaces 
in  like  manner.  Also,  notice  what  hour,  or  portion  of  an  hour, 
on  the  moon's  path  is  nearest  to  the  corresponding  hour  on  the 
ellipse,  and  subdivide  these  portions  in  the  same  way.  Apply- 
ing the  dividers  set  to  1842^',  we  find  that  the  feet  stand  on  cor- 
responding divisions  when  the  left  foot  cm  the  moon's  path  marks 
4L  29m.  4Ds.,  and  also  when  the  right  foot  marks  6h.  50m.  358. ; 
the  former  denoting  the  time  of  beginning,  and  the  latter  the 
time  of  ending  of  the  eclipse  at  Boston. 

Apply  one  side  of  a  small  square  to  the  moon's  path,  and 
move  it  along  until  the  other  side  cuts  the  same  hour  and  min- 
ute on  both  lines.  This  is  the  moment  of  nearest  approach  of 
centres,  which  is  at  5h.  44m.  10s.  The  distatice  between  these 
corresponding  points,  measured  on  the  scale,  is  47^"",  which  is 
the  distance  of  the  centres  of  the  sun  and  moon  at  that  time. 
This  being  less  than  55^''.4,  the  difference  of  the  semi-diameters 
of  the  sun  and  moon,  shows  that  the  eclipse  at  Boston  will  be 
annular. 

(259.)  With  a  radius  equal  to  893'',  firom  the  point  5h.  44m. 
10s.  of  the  moon's  path  as  a  centre,  describe  a  circle  represent- 
ing the  moon's  disk.  With  the  corresponding  point  of  the  el- 
lipse as  a  centre,  and  a  radius  equal  to  949^',  describe  a  second 
circle  to  represent  the  sun's  disk.  These  circles  will  exhibit  the 
phase  of  the  eclipse  at  the  moment  of  greatest  obscuration.  The 
figure  represents  the  visible  portion  of  the  sun  at  this  time  as  on 
unequal  ring,  extremely  narrow  on  its  northern  side.  With  the 
dividers  open  to  55^',  the  times  of  formation  and  rupture  of  the 
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ring  may  be  determined  in  the  same  manner  as  the  beginning 
and  end  of  the  eclipse. 

The  results  of  the  projection  are  as  follows : 

Apfmreni  Time.         Mean  Time. 

hm  fn.  9m  A.    ■    fft.  S, 

Beginning  of  the  eclipse  at  Bos- 
ton, May  26,  1854 4  29  40  =  4  26  25  P.M. 

Greatest  obscuration 5  44  10  =  5  40  55 

End  of  eclipse 6  50  35  =  6  47  20 

In  a  working  projection,  for  determining  the  phases  of  an 
eclipse  for  a  particular  place,  it  is  not  necessary  to  describe  all 
the  lines  given  in  the  figure.  Thus,  in  the  present  example,  it 
was  only  necessary  to  draw  that  portion  of  the  path  of  Boston 
corresponding  to  the  three  hours  which  include  the  eclipse,  viz., 
from  4  to  7  P.M. ;  but  this  part  should  be  drawn  with  the  ut* 
most  care.  So,  also,  it  is  only  necessary  to  draw  the  moon's 
path  for  the  same  hours ;  but  the  portions  corresponding  to  the 
times  of  beginning,  middle,  and  end  of  the  eclipse  should  be  sub- 
divided as  accurately  as  possible. 


Section  II. 

TO   CALCULATE  THE    BEGINNING  AND    END    OF  A  SOLAR    ECLIPSE    FOR 

A    PARTICULAR    PLACE. 

(260.)  The  method  of  projections  already  explained  will  suf- 
fice to  furnish  a  general  idea  of  the  phenomena  of  an  eclipse, 
and  also  the  approximate  times  of  the  phases  for  any  place  re- 
quired. A  more  accurate  result,  however,  is  frequently  needed. 
This  may  be  obtained  in  the  following  manner : 

Assume  any  two  convenient  times  near  the  supposed  begin- 
ning and  end  of  the  eclipse.  If  we  have  no  previous  knowledge 
of  these  phases,  we  may  assume  the  hour  before  and  the  hour 
after  the  time  of  apparent  conjunction.  The  computations  are 
most  conveniently  performed  when  the  assumed  times  are  even 
hours  of  the  meridian  for  which  the  ephemeris  is  computed. 
With  these  times  calculate  the  places  of  the  sun  and  moon,  and 
also  the  corresponding  parallaxes,  according  to  Arts.  211,  212. 
The  relative  positions  of  the  sun  and  moon  will  be  the  same,  if 
we  attribute  to  the  moon  the  effect  of  the  difference  of  the  par- 
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ollaxes  of  the  two  bodies,  and  suppose  the  sun  to  remain  in  his 
true  position.  This  difference  is,  therefore,  the  relative  paml- 
lax,  or  that  which  influences  the  relative  position  of  tlie  two 
bodies.  The  difference  between  the  equatorial  parallaxes  of  the 
sun  and  moon  must  be  multiphed  by  the  radius  of  the  earth  for 
tJie  place  of  observation,  in  order  to  obtain  the  parallax  of  the 
place,  Art.  210.  These  parallaxes,  applied  to  the  right  ascen- 
sions and  declinations  of  the  moon  for  the  hours  proposed,  as 
given  in  the  Nautical  Almanac,  will  furnish  its  apparent  right 
ascensions  and  declinations.  Take  the  difference  between  the 
apparent  places  of  the  moon  and  sun,  and  reduce  the  differences 
of  right  ascension  to  seconds  of  arc  of  a  great  circle.  These  ap- 
parent positions  of  the  moon  with  respect  to  the  sun  will  furnish 
its  apparent  relative  orbit ;  and  the  contact  of  limbs  will  evi- 
dently take  place  when  the  apparent  distance  of  the  centres  be- 
comes equal  to  the  sum  of  the  sun's  semi-diameter  and  the  aug- 
mented semi-diameter  of  the  moon. 

(361.)  Let  S  represent  the  position  of  the  sun's  centre,  which 
we  will  suppose  to  remain  at  reat  throughout  the  eclipse ;  let 
SR  and  SP  represent  the  apparent  differences  of  right  asoensioD 
of  the  sun  and  moon  for  the  two  selected  hours,  one  preceding 
and  the  other  foUowing  the  apparent  conjunction,  and  RU,  Plf' 


the  differences  of  declination.     Draw  the  lino  MM',  and  it  wiH 
represent  the  relatiw  direction  of  the  moon's  motion.     Let  SN 
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be  the  meridian  passing  through  S,  and  suppose  B  and  E  to  be 
the  positions  of  the  moon  at  the  times  of  beginning  and  ending 
of  the  partial  eclipse.  Draw  MDH  perpendicular  to  SN,  and  8C 
perpendicular  to  BE. 

In  the  triangle  SDM,  we  have 

SD :  DM ::  rad. :  tang.  DSM. 
Also,  sin.  DSM :  DM : :  rad. :  SM. 

'  In  the  triangle  HMM^,  HM  represents  the  hourly  motion  in 
right  ascension,  reduced  to  the  arc  of  a  great  circle,  and  HM^ 
the  hourly  motion  in  declination,  and  we  have 

HM :  HM^ ::  rad. :  tang.  HMM^  or  NSC. 
Also,  COS.  HMM^ :  rad. ::  HM :  MM^ 

which  is  the  hourly  motion  of  the  moon  in  its  relative  orbit. 
The  angle  MSC = MSD  +  DSC. 

Then,  in  the  triangle  MSC, 

rad. :  SM ::  cos.  MSC :  SC. 

In  the  triangle  BSC,  BS  represents  the  sum  of  the  radii  of  the 
sun  and  moon,  and  we  have 

BS:SC::rad.:cos.  BSC. 
The  angle  BSM  =  BSC-MSC. 

Also,  ESM=BSC+MSC. 

Now,  in  the  triangles  BSM  and  ESM,  we  have 

sin.  SBM :  SM ::  sm.  BSM :  BM, 

and  sin.  SEM :  SM ::  sin.  flSM :  EM. 

BM 
Afeo,  the  time  of  describing  BM=rrj^, 

EM 
eaui  the  time  of  describing  EM=:rpr7-. 

MM' 

The  time  of  describing  BM  being  subtracted  from  the  time 
when  the  moon's  centre  was  at  M,  will  furnish  the  instant  of 
beginning  of  the  eclipse ;  and  the  time  of  describing  EM  being 
added  to  the  time  when  the  moon  was  at  M,  will  furnish  the  in- 
stant of  ending. 

(262.)  Ex.  1.  Required  the  time  of  the  beginning  and  ending 
of  the  solar  eclipse  of  July  28, 1851,  at  Cambridge,  latitude  42^ 
22'  48''  N.,  longitude  4h.  44m.  30s.  W.  of  Greenwich. 

The  time  of  new  moon,  July  28,  is  2h.«40m.  Greenwich  time ; 
bat  as  the  sun  at  Cambridge  is  near  the  eastern  horizon,  the 
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effeot  of  parallax  will  be  to  accelerate  the  eclipse,  and  we  will 
therefore  select  for  our  two  hours  of  computation  Ih.  and  2h. 
G-reenwich  time.  For  these  times  we  take  out  the  right  ascen- 
sions and  declinations  of  the  sun  and  moon  from  the  Nautical 
Almanac.  The  moon's  equatorial  horizontal  parallax  at  IL  is 
6(K  28^^.6 ;  the  sun's  horizontal  parallax  is  9^^ A ;  difference,  60^ 
2(y\2 ;  reduction  to  the  latitude  of  Cambridge,  5^^.5 ;  making 
the  relative  horizontal  parallax  for  Cambridge  60^  14^^.7.  At 
2h.  we  find  it  to  be  60'  15'^6. 

The  moon's  hour  angle  from  the  meridian  is  equal  to  the  si- 
dereal time,  minus  the  moon's  true  right  ascension.  July  28, 
Ih.  at  Grreenwich  corresponds  to  July  27,  20h.  15m.  30s.  mean 
time  at  Cambridge,  which,  converted  into  sidereal  time  by  Art 
159,  is  4h.  37m.  53.13s.  Subtracting  this  from  the  moon's  right 
ascension,  we  obtain  the  hour  angle,  3L  47m.  23.50s.,  or  56^ 
50^  52^^.5.  In  the  same  manner,  the  hour  angle  at  2h.  is  found 
to  be  42°  27'  26'M.  With  these  data  we  compute  the  paral- 
laxes in  right  ascension  and  declination  by  Arts.  211  and  212. 
The  differences  of  right  ascension  are  reduced  to  seconds  of  arc 
of  a  great  circle  by  multiplying  them  by  15  x  cosine  of  the 
moon's  apparent  declination. 

According  to  Art.  228,  the  declination  of  the  point  M  is  not 
exactly  the  same  as  that  of  D  (MD  being  supposed  to  be  a  per- 
pendicular let  fall  on  the  meridian  NS).  From  Table  XYIII. 
we  find  the  coWection  to  be  added  to  the  moon's  declination  at 
Ih.,  for  a  difference  of  right  ascension  of  37s.  is  0''.3 ;  and  at  2h., 
for  a  difference  of  right  ascension  of  Im.  18s.  is  l''.l. 

Hence  we  .obtain  the  following  results : 


For  ih.  Greenwich  Time. 

For  Sh.  Greenwich  Time.      | 

Mooii*!  tnie  place 

Moon*i  parallax 

Moon*8  apparent  place . . . 
Sun*s  place 

R.A. 

8  25  16.63 
2  40.24 

Dec. 

19  68    0.4  N. 
30    4.9 

R.A. 
k.  m.      «. 
8  27  62.72 

2     9.61 

8  30     2.23 
8  28  44.00 

Dec. 

19  52  40.0  N. 
27  15.5      . 

8  27  66.87 
8  28  34.17 

19  28     4.5 
19    4  60.2 

19  25  24.6 
19    4  16.8 

Difference 

37.30 
627.6 

23  14.3 
1394.6 

1  18.23 
1106.7 

21     8.7 
1269.8 

Reduced  to  seconds  of  arc 

Accordingly,  we  find  SR  represents  627^^5 ;  RM,  1394^^6  ; 
PS,  1106^^7 ;  PM^  1269^^8.  The  hourly  motion  in  decUnation 
is  therefore  124^^.8 ;  and  that  in  right  ascension,  reduced  to  an 
arc  of  a  great  circle,  is  1634^^.2. 
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Then,  in  tbe  triangle  SDM,  we  have 

1394".6 ;  5a7".5 ::  1 :  tang.  20°  43'  8"=DSM. 
Atai,         sin.  DSK :  527".5 ::  1 :  SJI=1491".0. 
In  the  triangle  HUH',  we  have 

1634".2 ;  184".8 ::  1  itang.  HMM-=4<'  22- 1". 
Also, 
ooB.  HJIH' :  1 ::  1634".2 :  MM'=  1639".0=honily  motion  of  fln. 
moon  in  its  relative  orbit. 

MSOsMSB  +  BSCsSSo  5-  9". 
In  the  triangle  HSC,  we  have 

l:1491".0::ooe,  MSO!SO=1350".4. 
The  moon's  semi.diaraeter  is  not  the  same  for  the  hegiiming 
and  end  of  the  eolipse ;  but  for  a  first  approximation  we  will  sup- 
pose it  to  remain  unchanged,  and  will  compute  it  for  the  time 
Ih.  30m.,  which  we  find  to  bo  16'  28".9.  The  augmentation 
for  altitude.  Art  217,  is  11".8.  The  sun's  semi-diameter  is  1& 
46".5,  mailing  SB  =  32'  27".2=1947".2.     Then 

1947".2  :  1350".4 ;:  1 :  cos.  BSC=46o  5'  32". 
Therefore  BSM=21o    0-23", 

ESM=71o  m  41". 
Then  sin.  SBM  :  I491".0 ::  sin.  BSM :  BM=770".7, 
sin.  SEM :  1491".0 ::  sin.  ESM :  EM =2035".0. 
The  time  of  deseribing  BM=Oh.  a8m.  13s. 
The  time  of  describing  EM  =  lh.  14m.  30s. 
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Sabtracting  the  time  of  describing  BM  from  Ih.,  and  adding 
the  time  of  describing  EM  to  Ih.,  we  obtain  the  Greenwich  times 
of  beginning  and  ending ;  and,  subtracting  4h.  44m.  30s.,  we 
obtain  the  results  in  mean  time  of  Cambridge ;  viz.. 

Beginning  of  the  eclipse  at  .  .  7h.  47m.  17s.  )  Cambridge 

End  of  the  eclipse 9h.  30m.    Os.  )  mean  time. 

(263.)  Since  the  hour  angle  of  the  moon  is  subject  to  the  va- 
riation of  nearly  15°  per  hour,  the  effect  produced  by  parallax  is 
to  give  considerable  curvature  to  the  apparent  relative  orbit  of 
the  moon.  This  curvature  is  more  decided  when  the  eclipse 
takes  place  near  to  the  horizon.  Hence  the  preceding  results, 
deduced  by  supposing  the  portion  of  the  orbit  described  during 
the  eclipse  to  be  a  straight  line,  are  only  approximate.  It  is 
probable,  however,  that  they  are  correct  within  one  or  two  min- 
utes, and  this  may  be  considered  sufficient  for  the  purposes  of 
the  observer.  If  a  more  accurate  determination  is  required,  we 
must  repeat  the  computation  for  the  times  here  obtained ;  and 
it  is  better  to  conduct  the  computations  for  the  beginning  and 
enid  independently  of  each  other,  deriving  the  beginning  of  the 
eclipse  from  the  assumed  time  near  the  beginning,  and  the  end 
from  the  assumed  time  near  the  end.  For  convenience,  we  may 
omit  the  seconds,  and  repeat  the  computation  for  Oh.  32m.  and 
2h.  15m.  Grreenwich  time.  For  these  times  we  look  out  the  places 
of  the  sun  and  moon  from  the  Almanac.  The  relative  horizon-- 
tal  parallax  at  Oh.  32m.  is  60^  14^^2 ;  at  2h.  15m.  is  60^  15''.9. 
The  moon's  hour  angle  from  the  meridian  for  Oh.  32m.,  Green- 
wich time,  is  63°  33^  48^^4 ;  for  2h.  15m.  it  is  38°  51^  34'^2, 
from  which  we  obtain  the  parallaxes  as  below.  Proceeding  as 
in  the  former  case,  we  obtain  the  following  results : 


Moon*8  true  place 

Moon's  parallax 

Moon's  apparent  place . . . 
Sun's  place 

DifTerence 

Reduced  to  seconds  of  arc 


For  Oh.  32in.  Greenwich  Time 


R.A. 
h.  tn.       #. 

8  24  3.76 
2  61.16 


8  26  54.92 
8  28  29.59 


1  34.67 
1338.7 


Dec. 

20  0  40.1  N 
31  35.5 


19  29  4.6 
19  5  6.2 


23  58.4 
1439.8 


For  2h.  15m.  Greenwich  Tinne, 


R.A. 

A.  9R.    9. 

8  28  31.73 
2  0.43 


8  30  32.16 
8  28  46.46 


1  46.70 
1496.4 


l/ec. 


19  51  16.3  N. 
26  39.4 


19  24  36.9 
19  4  7.1 


20  29.8 
1231.5 


The  motion  in  declination  for  Ih.  43m.  is  208^^.3 ;  hence  the 
motion  for  Ih.  is  121^^.3 ;  and  in  right  ascension  it  is  1650^^.9 ; 
which  values  differ  a  little  from  those  found  on  page  250. 
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Let  SR  in  the  figure,  page  251,  represent  1338^^7 ;  and  BM 
1439''.8.     Then,  as  before,  we  shall  have 

1439'''.8 :  1338^^7 ::  1 :  tang.  DSM=42o  54^  58'^ 
sin.  DSM :  1338'^7 ::  1 :  SM  =  1966^^0. 
Also,  1231^'.5 :  1495^^4 ::  1 :  tang.  0811^=50°  31^  40^", 
sm.  DSM^ :  1495^^4 ::  1 :  SM'^ = 1937^^2. 
165(y^9 :  121'^'^.3 ::  1 :  tang.  HMM^=4o  12^  8  ^ 
008.  HMM^ :  1 ::  165(K^9 :  1655^':4= hourly  motion  in  orbit. 
Therefore  MSC=47o    T    6'% 

M^SC=46o  19^32^ 
1 :  1966^^0 ::  009.  MSC :  SC  =  1337^^8. 
The  moon's  semi-diameter  at  Oh.  32m.  is  16'  28^^.6 ;  the  aug- 
mentation for  altitude  is  9''.3 ;  the  sun's  semi-diameter  is  lo"" 
46'^5 ;  making  SB  =  1944^^4. 

In  the  same  manner  we  obtain  SE  =  1949'''.l.     Then 
1944^^4: 1337^^8::  1:  COS.  BSC=46o  31^  33//. 
Therefore  BSM=Oo  36'  33'^ 

Then  sin.  SBM :  1966^^0 ::  sin.  BSM :  BM=29'^6. 
The  time  of  describing  BM= 64.3s. 
Also,  1949'M :  1337^^8 ::  1 : cos.  ESC =46°  39^  24^'. 
Therefore  ESM'=Oo  19'  52^'. 

sm.  SEM' :  1937''.2 ::  sin.  ESM' :  EM'=16''.3. 
The  time  of  describing  EM' = 35.5s. 
Hence  the 

Beginning  of  the  eclipse  is  at .  7h.  48m.  34s. )  Cambridge 
End  of  the  ecUpse  is  at  ...  .  9h.  31m.  5s.  )  mean  time. 
(264.)  In  observing  the  beginning  of  a  solar  eclipse,  it  is  im- 
portant for  the  accuracy  of  the  observation  that  we  should  know 
on  what  part  of  the  sun's  limb  the  eclipse  will  begin.  This  is 
easily  found  by  means  of  the  diagram,  page  251.  The  angle 
NSB  is  the  angle  of  position  of  the  moon's  centre  from  the  north 
toward  the  west,  at  the  beginning  of  the  eclipse ;  or,  if  we  es- 
timate the  angle  of  position  from  the  north  toward  the  east,  it 
will  be  360° —NSB.  Also,  the  angle  of  position  from  the  north 
toward  the  east,  at  the  end  of  the  eclipse,  is  NSE. 

But        NSB=CSB-CSN=46o.5-4o.2=42°.3, 
and  NSE  =CSE+CSN=46o.6+4o  .2=50^.8. 

Hence,  at  the  beginning  of  the  eclipse,  the  angle  of  the  moon's 
oentre  from  the  north  toward  the  east  is  317^.7. 
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At  the  end,  the  angle  of  the  moon's  centre  from  the  north  to- 
ward the  east  is  50^.8. 

(265.)  The  following  formulee  embody  the  preceding  princi- 
ples in  a  form  convenient  for  computation : 

Put  :c=SR:=the  difference  of  apparent  right  ascension  be- 
tween the  sun  and  moon  in  arc  of  a  great  circle, 
at  an  assumed  instant ; 
^'=BM=:the  difference  of  apparent  declination  at  ilie 
same  instant,  corrected  by  Art.  228 ; 

»=SC; 

/3=the  angle  NSM ; 

t=the  angle  HMM^=DSC ; 

y=ihe  angle  BSC=ESC ; 
a;,=MH=the  hourly  variation  of  x; 
y,=HM^=the  hourly  variation  of  y / 

A=BS=sum  of  the  semi-diameters  of  sun  and  moon. 


X 


tang./3=-, 


z= 


X 


y 


sin.  /3    cos.  /3' 


tang.  4= J, 


^/   __ 


hourly  motion 

COS.  I 

in  relative  orbit, 
MSC =/?+«, 

t;=z  COS.  (i3+£), 


V 

COS.  y=— . 

A 

Angle  BSM=r-(/3+t), 
ESM=r+(/J+t), 

BM=-^sin.{r-(i3+*)}, 
COS.  y 

EM=-^-8in.{y+(/?+i)}. 


COS.  y 


Time  of  describing  BM=: 
Time  of  describing  EM= 


BM  COS.  i 

^,      ■ 
EM  COS.  i 


After  we  have  obtained  the  approximate  times  of  beginning 
and  ending,  if  the  greatest  accuracy  is  required,  we  must  repeat 
the  computation,  with  separate  values  of  A  for  beginning  and 
end,  as  was  done  in  the  last  example. 

(266.)  Ex.  2.  Required  the  time  of  beginning  and  end  of  the 
solar  eclipse  of  May  26,  1854,  at  Cambridge  Observatory. 

As  we  have  already  projected  this  eclipse,  we  shall  avail  our- 
selves of  the  approximate  knowledge  already  obtained,  nnd  shall 
assume  for  our  times  of  computation  9h.  10m.,  and  llh.  30m., 
Oreenwich  mean  time.    For  these  times  we  take  the  places  of 
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the  snn  and  moon  from  the  Nautical  Almanac.  The  mooa's 
eqoatorial  horizontal  parallax  at  9h.  10m.  is  54'  32".5 ;  the  sun's 
hoiizontal  parallax  is  S^.S ;  difTerenoe,  54'  34".0 ;  which,  re- 
duced to  the  latitude  of  Cambridge,  becomes  54'  19'''.1.  At 
llh.  30ra.  we  find  it  to  be  54'  17".3. 

The  sidereal  time  at  Cambridge,  corresponding  to  9h.  10m. 
Greenwich  mean  time,  is  8h.  41m.  55.21s.  Hence  the  moon's 
hour  angle  is  4h.  28m.  17.98s.,  or  67°  4'  29".7.  The  hour  angle 
at  llh.  30m.  is  100"  57'  1".8.  With  these  data  we  obtain  tho 
parallaxes  as  below.     The  following  are  the  results : 


Moon'.  Inie  pUux 

Maoa'f  p>raliu  

Moon'a  app&nmt  pUce   . . 

4  13  37.33 
3  40.33 

21  36  37.7  N. 
28  27,5 

4  18  30.09 
2  49,83 

21  64    4.9  N. 
36  60.0 

4  10  ST. 00 
4  13     8,83 

31      7     0.3 
81   11   22  9 

4  16  40.36 
4  13  33.46 

31  17  14.9 
31  12  S3.9 

3  12.83 
1656.7 

4  22.7 
S59-4 

1772.2 

4  62.0 
396.0 

Reduced  to  aeeond.  of  arc 

The  hourly  motion  in  declination  is  237".6,  and  that  in  right 
asoensioD  1556",1. 


Then,  in  the  triangle  SDH,  wc  have 

259".4 :  1858".7 ::  1 :  tang.  DSM  =  82°  3'  18", 
sin.  DSM :  18£8".7 ::  1 :  SM  =  1876".7. 
Also,  295".0 :  1772".2 : :  1 :  tang.  PK'S = 80°  32'  67", 

sin.  PM'S :  1772".2 ::  1 :  SM'=1796".6. 
To  avoid  confusion,  the  lines  SM,  SM'  are  omitted  from  the 
^nre,  but  ere  to  be  supplied  as  on  page  248. 
In  the  triangle  HHH',  we  have 

1556."1 :  237".6  "  1  :tang.  HMM'=8<^  40'63  ", 
KM.  HHM'  :1 ::  1556".!  :1574".l=the  hourly  motion  in  (wbit 
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Henoe  MSC=89o  15' 49", 

M'SC  =  89'>13'50'. 
la  the  triangle  MSC, 

1 :  SM  =  1876".7 ::  cos.  MSC  :  SC =34".l. 
The  moon's  aemi-diameter  at  9h.  10m.  is  14'  53".5 ;  the  atig- 
mentation  for  altitude  is  T'Sl ;  the  son's  Bemi-diameter  is  X5^ 
48".9;  making  SB=1849".6. 

In  the  same  manner  we  obtain  SE  =  1843".5. 
In  the  triangle  BSC, 

1849".6 :  34".l ::  1 : coa.  BSC  =  ^^^  15'  10". 
Hence  BSM=39". 

sin.  SBM:SM=1876".7::sin.  BSM : BM=27".2. 
The  time  of  describing  BM=62.28. 
In  the  triangle  ESC, 

1843".5 :  24".l ::  1 :  cos.  ESC  =89°  15'  1". 
Henoe  ESM'  =  1' 11", 

sin.  SEM':SM'=1796".6::8in.  ESM':EM'=47".3. 
The  time  of  describing  EM'=108.1s. 
Hence  the  eclipse  begins  at.  .  4h.  36ra.  336.  |  Cambridge 
"       ends     "  .  .  6h.  47m.  ISs.  )  mean  time. 
At  the  beginning,  the  angle  of  &e  moon's  centre  from  north 
toward  east  is  262°  4'. 

At  the  end,  the  angle  of  the  moon's  centre  firom  north  toward 
east  is  80°  34'. 

(S67.)  As  the  compntation  thus  far  indicates  that  this  eclipse 
will  be  annular,  it  is  important  to  determine  precisely  the  time 
of  formation,  and  also  of  the  rupture  of  the  ring.  In  doing  tlus, 
we  can  not  assome  that  the  moon's  path  &om  9h.  10m.  to  llh. 
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30m.  is  a  straight  line.  By  inspecting  Table  XYI.,  we  shall  see 
that  the  parallax  in  right  ascension  increases  with  the  hour 
angle  until  this  angle  becomes  six  hours ;  and  after  that  it  di- 
minishes. Now  at  the  middle  of  this  eclipse,  the  moon's  hour 
angle  is  very  nearly  6  hours ;  so  that  the  parallax  in  right  as- 
cension is  greater  for  the  middle  of  the  eclipse  than  for  either 
the  beginning  or  end.  We  must,  therefore,  make  an  independ- 
ent computation  for  a  time  near  to  the  middle  of  the  ecUpse, 
which  we  will  assume  at  lOh.  20m.  Grreenwich  time. 

Proceeding  as  heretofore,  we  find  the  moon's  relative  parallax,, 
reduced  to  the  latitude  of  Cambridge,  to  be  54^  18^^2,  and  the 
moon's  hour  angle  84^  0""  47^^.5,  whence  we  obtain  the  following 
results : 


For  lOh.  20m.  Greenwich  Time. 

Moon's  true  place 

Moon's  parallax 

Moon's  apparent  place .... 
Sun's  olace 

R.  A. 

hm           m>                           tt 

4  16    3.54 
2  52.54 

Dec. 

21  44  50.5  N. 
32  34.3 

4  13  11.00 
4  13  21.64 

21  12  16.2 
21  11  52.9 

Difference 

Reduced  to  seconds  of  arc .  . 

10.64 

148.8 

23.3 
23.3 

In  the  annexed  figure,  let  MA 
represent  a  portion  of  the  moon's 
relative  orbit  on  a  much  larger 
scale  than  the  former  figure ;  let 
SR   represent  148^^8,  and  RM 

Then,  in  the  triangle  SMR, 

23"^3 :  148^^ ::  1 :  tang.  SMR=81<'  6'  V'y 
sin.  SMR:148^^8::1:SM=150^'.6. 
The  angle      MSC  ==  SMR  -  ASC = 72^  25^  8^^ 

1 :  SM ::  cos.  MSC :  SC=45'^5, 
1 :  SM : :  sin.  MSC :  CM = 143^^6. 
The  time  of  describing  CM = 328.3s. 

Hence  the  nearest  approach  of  the  centres  of  the  sun  and  moon 
is  at  5h.  40m.  58.3s.  Cambridge  mean  time. 

The  semi-diameter  of  the  sun  is  15^  48''^.9 ;  the  augmented 
semi-diameter  of  the  moon  is  14^  57^^.6 ;  difference,  51^^.3.  The 
least  distance  between  the  centres  of  the  sun  and  moon  is  45^^.5. 
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Hence  the  eclipse  will  be  annular.  To  find  the  times  of  forma- 
tion and  ruptare  of  the  ring,  with  S  as  a  centre,  and  a  radius 
equal  to  5y\S,  describe  an  arc,  cutting  the  moon's  path  in  the 
points  B  and  E,  which  will  represent  the  points  required. 

Then,  in  the  triangle  SCB, 

SB :  1 ::  SC :  cos.  680=27°  32% 
1 :  SB ::  sin.  BSC :  BC =23^^7. 

The  time  of  describing  BC= 54.2s.        ,    . 

Hence  the  ' 

Formation  of  the  ring  is  at .  .  5h.  40m.    4s. )  Cambridge 

Rupture  of  the  ring  is  at  .  .  .  5h.  41m.  52s.  V  mean  time. 

The  preceding  computations  were  all  in  type  in  1853,  but 
owing  to  the  destruction  of  the  stereotype  plates  by  fire  in  De- 
cember of  that  year,  it  became  necessary  to  re-cast  the  entire 
volume,  and  thus  its  publication  has  been  delayed  until  after 
the  occurrence  of  the  eclipse.  The  eclipse  could  not  be  observed 
at  Cambridge  on  account  of  the  interference  of  clouds.  The  in- 
stants of  first  and  Icust  contact  observed  at  New  York  and  Wash- 
ington differed  but  a  few  seconds  firom  the  time  computed  firom 
the  Tables. 


Section    III. 

OCCULTATIONS    OF    STARS    BY    THE    MOON. 

(268.)  Occultations  of  stars  by  the  moon  may  be  oomputed 
in  the  same  manner  as  eclipses  of  the  sun,  the  only  difference 
in  the  operation  consisting  in  this,  that  the  star  has  neither  mo- 
tion, parallax,  nor  semi-diameter.  The^  circumstances  render 
the  computation  of  an  occultation  more  simple  than  that  of  an 
eclipse. 

Ex.  1.  It  is  required  to  find  the  times  of  immersion  and 
emersion  of  a  Tauri,  Jan.  23,  1850,  at  Cambridge  Observatory, 
latitude  42°  22'  48'^  longitude  4h.  44m.  30s.  W.  of  Greenwich. 

The  Greenwich  mean  time  of  apparent  conjunction,  according 
to  the  Nautical  Almanac,  is  12h.  41m.  49s.  We  will,  therefore; 
select  12h.  and  13h.  as  the  two  hours  of  computation  for  the  first 
approximation. 

For  these  times  we  find  the  following  data : 
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For  1211.  Greenwich  Time.    | 

For  ISh.  Greenwich  Time.    ] 

Moon*8  true  place 

Moon's  parallax 

Moon's  apparent  place . . . 
Starts  place 

R.A. 
a.  tn*      tm 
4  25  36.22 
47.06 

Dec. 

16  30    4.1  N. 
26  42.7 

R.A. 
a.  fit.      t» 

4  28    4.63 

0.47 

4  28     5.00 
4  27  19.64 

Dec. 

16  36  33.2  N. 
26  13.2 

4  26  23.28 
4  27  19.54 

16    3  21.4 
16  12    3.4 

16  10  20.0 
16  12    3.4 

Difference 

66.26 
811.0 

8  42.0 
521.6 

46.46 
654.9 

1  43.4 
103.1 

Reduced  to  seconds  of  arc 

The  moon's  horizontal  parallax,  reduced  to  the  latitude  of 
Cambridge  at  12h.,  is  69^  W.6 ;  at  13h.  it  is  69^  46^^6.  The 
moon's  hour  angle  at  12L  is  14^  M'  4''. 8  east ;  at  13h.  it  is  0^ 
8'  AV\5  east  of  the  meridian,  from  which  we  compute  the  par- 
allaxes as  above. 

The  hourly  motion  in  right  ascension  is  1465^^.9,  and  that  in 
declination  418^^5. 

Let  S  represent  the  position  of  the  star.  Take  SE= 811^^.0, 
RH= 521^^.6 ;  then  M  will  be  the  position  of  ike  moon's  centre 
atl2h,  TakeSP=654'^9,PM^=103^M;  then  M^  wiU  be  the 
portion  of  the  moon  at  13h.,  and  MM^  is  the  moon's  relative  orbit. 

IK 


Then,  in  the  triangle  SDM,  we  have 

52r^6:8ir^0::  1 : tang.'DSM=57°  15'  9^^ 
sm.  DSM :  8ir^0::  1 :  SM  =  964^^3. 

In  the  triangle  HMM^  • 

1465''.9 :  418^^5 ::  1 :  tang.  HMM^  =  15°  56'  1^ 
COS-  HMM' :  1 : :  1465''.9 :  MM' = 1524".5, 
the  hourly  motion  of  the  moon  in  its  orbit. 
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Hence  MSC=73o  IV  W. 

In  the  triangle  HSC, 

1 :  964^^3 ::  oos.  MSC :  SC=278''.9. 
The  radius  of  the  moon  at  12h.  30m.  is  978^^6 ;  the  aug- 
mentation  for  altitude  is  16'^3 ;  making  BS= 993^^9. 

In  the  triangle  BSO, 

993^^9 :  278^^9 ::  1 :  oos.  380=73°  42'  7'\ 

Hence  BSM=     00  30^57^ 

ESM=146o53M7^ 
sm.  SBM :  964^^3 ::  sin.  BSM :  BM=30'^9, 
sin.  SEM:  964^^3::  sin.  ESM:EM=1876'''.8. 

The  time  of  describing  BM = Im.  13s. 

The  time  of  describing  EM=lh.  13m.  52s. 

Hence  the 

Immersion  takes  place  at .  .  .  7h.  14m-  17s. )  Cambridge 

Emersion  takes  place  at  .  .  .  8h.  29m.  22s.  )  mean  time. 

(269.)  As  one  of  the  times  selected  for  computation  was  very 
near  the  instant  of  immersion,  it  is  probable  that  the  preceding 
result  for  immersion  is  pretty  accurate.  For  the  sake  of  verifi- 
cation,  we  will,  however,  repeat  the  entire  computation  for  12h., 
and  13h.  15m.,  G-reenwich  mean  time. 
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For  ISh.  Greenwich  Time.    | 

For  ISh.  15m.  Greenwich  Time.] 

Moon*8  true  place 

Moon^s  parallax  . .  .^ 

Moon^i  apparent  place. . . 
Stor'a  place 

R.A. 

4  25  36.22 
47.06 

Dec 

16  30    4.1  N. 
26  42.7 

R.A. 

A.    V\*        9* 

4  28  41.66 
11.31 

Dec. 

16  88    9.5  N 
26  13.2 

4  26  23.28 
4  27  19.54 

16     3  21.4 
16  12    3.4 

4  28  30.35 
4  27  19.64 

16  11  66.3 
16  12    3.4 

Difference 

56.26 
811.0 

8  42.0 
521.6 

1  10.81 
1019.9 

71    . 
6.3 

Reduced  to  seconds  of  arc 

The  moon's  horizontal  parallax,  reduoed  to  the  latitude  of 
Cambridge  at  13h.  15m.,  is  59^  47^^.0 ;  and  the  moon's  hour  an- 
gle is  3°  2T  38^^.4  west,  from  which  we  obtain  £he  parallaxes 
as  above.  The  hourly  motion  in  right  ascension  is  1464^^.7,  and 
in  declination  412^^2. 

Hence,  in  the  triangle  HMM^, 

1464^^7 :  412^^2 ::  1 :  tang.  HMM'= 15°  43^  9^^ 
COS.  HMM' :  1 ::  1464^'.7 :  MM'=162r^6, 
the  hourly  motion  of  the  moon  in  its  orbit. 
Hence  MSC=72o  58^8'^ 

1 :  964''^.3 ::  cos.  MSC :  SC=282^^4. 

The  radius  of  the  moon  at  12h.  is  978''^3 ;  at  13h.  16m.  is 
979''.0.  The  augmentation  at  12h.  is  Id'M ;  at  13h.  15m.  10 
15^^5.    Hence  SB = 993^^4,  and  SE = 994^^5. 

993^^4 :  282^^4 : :  1 :  cos.  BSC = 73°  29^  &'\ 
Hence  BSM=Oo  30'  48^ 

sin.  SBM :  964^^3 ::  sm.  BSM :  BM=3(K^4. 

The  time  of  describing  BM= 71.9s. 

6'^3 :  1019^^9 ::  1 :  tang.  DSM'=89o  38^  46^^ 
sin.  DSM' :  1019^^9 ::  1 :  SM'=1019'^9. 
Hence  M'SC=73o  55'  37'', 

994".5:282".4::  1  iocs.  ESC=73o  2Xy  14". 
Hence  ESM'=Oo  25'  23", 

sin,  SEM' :  1019".9 ::  sin.  ESM' :  BM'=26'^5. 
The  time  of  describing  EM' = 62.78. 
Henoe  the 

Immersion  takes  place  at .  .  .  7h.  14m.  ISs. )  Cambridge 
Emersion  takes  place  at   .  .  .  8h.  29m.  27s.  )  mean  time, 
which  results  are  almost  identical  with  those  first  obtained. 

The  angle  of  position  of  the  point  S,  referred  to  the  moon's 
centre  at  immersion,  and  measured  from  the  north  toward  east, 
is  KBS,  which  equals  DSB  or  CSB-CSD. 
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The  angle  of  position  of  the  point  S  at  emersion,  measured 
from  the  north  toward  west,  is  LES,  which  equals  DSE,  or  CSE 
+  CSD.  But  if  the  angle  be  measured  from  north  toward  east, 
which  is  the  usual  method,  it  is  360^— DSE. 

Hence  at  inmiersion  the  angle  of  position  of  the  star  is  58^ 
6om  the  north  point  of  the  moon^s  limb. 

At  emersion  the  angle  of  position  of  the  star  is  271^  from  the 
north  point. 

(270.)  These  results  are  doubtless  correct  within  one  or  two 
seconds,  according  to  the  moon's  places  given  in  the  Tables ;  but 
it  is  not  to  be  supposed  that  these  times  are  absolutely  reliable 
to  this  degree  of  accuracy.  Burckhardt's  tables  of  the  moon 
frequently  exhibit  errors  of  15^',  and  occasionally  of  3(y\  Now 
an  error  of  30^^  in  the  moon's  place  would  cause  an  error  of  more 
than  one  minute  in  the  computed  time  of  occultation.  However 
accurately,  therefore,  the  computations  are  performed,  the  result 
may  be  found  erroneous  by  half  a  minute  of  time,  and  occasion- 
ally even  more  than  a  minute.  For  simple  purposes  of  observa- 
tion, therefore,  there  is  little  advantage  in  making  the  computa^ 
tions  with  the  precision  which  is  here  attempted,  and  we  may 
generally  be  content  with  the  results  of  the  first  approximation. 
Indeed,  if  we  take  the  parallaxes  directly  from  a  table,  like 
Table  XVI.,  and  make  a  careful  geometrical  construction  with 
scale  and  dividers,  we  may  generally  obtain  the  time  of  begin- 
ning and  end  of  the  occultation  vnthin  a  minute  of  the  truth, 
which  is  quite  sufficient  to  guide  the  astronomer  in  observing  an 
immersion.  For  an  emersion,  it  is  desirable  to  know  the  time 
as  accurately  as  possible,  in  order  that  the  eye  of  the  observer 
may  not  be  £ELtigued  by  too  long  watching  for  the  phenome- 
non. 

Ex.  2.  It  is  required  to  find  the  time  of  immersion  and  emer- 
sion of  y  Yirginis,  January  9, 1855,  at  Washington  Observatory, 
latitude  38°  53'  39^'  N.,  longitude  6h.  8m.  lis.  W.  of  Ghreenwioh, 
from  the  following  data : 


Jan.  10,  Oh.  Or.  Mesn  Time. 


Jan.  10,  Ih.  Or.  Mean  Time. 


Moon's  right  ascension  .  . 
Moon's  declination  .  .  .  . 
Moon's  equatorial  hor.  par. 
Moon's  true  semi-diameter 


12h.  35m.  12.33s. 

Oo    5'32''.3S. 

65'  32''.8 

15'  lO'M 


12h.  37m.  2.80s, 

Oo  ly  36''.2  S. 

55'  34".4 

15'  10".6 
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Right  asoension  of  y  Yirginis,  12h.  34m.  18.438. ;  decimation, 
Qo  39^  12'M  south. 

Sidereal  time  of  mean  noon  at  Washington,  January  9,  19h. 
14m.  40.33s. 

Ans.  Immersion,  18h.  17m.  34s.  Washington  mean  time. 
Emersion,    19h.  36m.  45s.  "  «        " 

Angle  of  position  of  star  116^,  firom  north  point  toward  east, 
at  immersion. 

Angle  of  position  of  star  322^,  from  north  point  toward  east, 
at  emersion. 


Section   IV. 
bessel's  method  of  computing  solar  eclipses. 

(271.)  Bessel  has  developed  the  complete  theory  of  eclipses  in 
the  second  volume  of  his  Astronomical  Researches.  We  propose 
to  exhibit  the  main  points  of  this  theory,  together  with  its  appli- 
cation to  the  determination  of  geographical  longitudes. 

Let  S  represent  the  centre  of  the  sun,  M  that  of  the  moon,  E 


J^.  1. 


that  of  the  earth,  and  0  the  place  of  the  observer  on  the  earth's 
surjhce.  The  limbs  of  the  sun  and  moon  will  appear  to  be  in 
contact  when  the  point  0  is  situated  on  the  surface  of  the  cone 
which  circumscribes  these  two  bodies.  There  are  two  such  cir- 
cumscribing cones.  One  of  them,  VTV^,  has  its  vertex  at  T, 
between  the  centres  of  the  sun  and  moon ;  the  other,  YT^'Y^,  has 
its  vertex,  T^,  in  the  prolongation  of  the  line  MS,  on  the  side  of 
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Fig,  2, 


the  moon  which  is  opposite  to  the  sun.  If  the  point  0  is  situa- 
ted on  the  surface  of  the  first  cone,  an  observer  at  0  will  witness 
the  external  contact  of  the  disks  of  the  sun  and  moon ;  but  if  O 
is  on  the  surface  of  the  second  cone,  the  observer  will  see  the  in- 
ternal contact  of  the  disks. 

(272.)  In  order  to  obtain  the  equation  of  this  conical  surface, 
let  us  conceive  a  system  of  three  rectangular  axes,  whose  origin 
is  at  E,  the  centre  of  the  earth.  Let  the  axis  of  z,  or  EZ,  be 
drawn  parallel  to  the  line  HS,  which  joins  the  centres  of  the  sun 
and  moon.  We  will  assume  that  the  positive  direction  of  this 
line  is  that  which  proceeds  from  the  moon  to  the  sun,  and  also 
that  the  positive  end  of  the  axis  EZ  corresponds  to  a  point  of  the 
celestial  sphere  whose  right  ascension  is  A  and  declination  D. 
Also,  we  will  suppose  that  the  axis  of  ^,  or  E  Y,  hes  in  the  plane 
which  passes  through  EZ  and  the  north  pole  of  the  equator,  and 
that  the  positive  end  of  this  axis  is  directed  toward  a  point  of 
the  celestial  sphere  whose  right  ascension  is  A,  and  whose  dec-' 
lination  is  90^+1)*  The  third  axis,  or  the  axis  ofx,  is  the  line 
EX,  which  is  perpendicular  to  the  plane  of  the  hour  circle  ZE  Y, 
and  lies  in  the  equator,  at  the  distance  of  90^  from  the  intersec- 
tion of  the  equator  with  the  hour  circle  ZE  Y.  The  declination 
of  each  end  of  this  axis  will  be  zero ;  and  for  its  positive  direc- 
tion, we  will  assume  that  which  corresponds  to  a  right  ascension 
of  90^+ A.  We  accordingly  assume  that,  when  referred  to  the 
centre  of  the  earth, 

T%€  cihordmateM  DeUrmku  the  position 

Xj  py  and  Zy       of  the  centre,  M,  of  the  moon ; 

a/,  y^,  and  s/^     of  the  centre,  S,  of  the  sun ; 

I,   TIj  and  ij       of  the  point  0,  or  the  place  of  the  observer*  , 
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Also,  let  G=the  line  MS,  or  the  distance  from  the  moon  to 

the  sun ; 
"        /=the  angle  OTM,  or  OT'M,  which  the  axis  of  the 

cone  forms  with  its  side ; 
"         5= the  perpendicular  distance  of  the  vertex  of  the 
cone  from  the  plane  YEX. 
Since  the  axis  EZ  is  parallel  to  the  line  MS,  we  have 

a/=x,  1^=$/,  and  z'=z+G (1) 

(273.)  If  now,  from  the  vertex  of  the  cone  T,  and  from  the 
point  0,  we  draw  the  lines  TQ  and  OB  perpendicular  to  the 
plane  XE Y ;  also  the  lines  QL  and  BI  in  this  plane,  perpendic- 
ular to  the  axis  E Y ;  and  the  line  IR,  parallel  to  the  line  BQ, 
we  shall  have 

0B=?,  EI=^,  BI=:$;  TQ=s,  EL=y,  QL=a;/ 
IL=y-^,  and  RL=:QL-QR  =  QL-BI=a;-f. 
Draw  the  plane  NOK  parallel  to  the  plane  YEX,  and  passing 
through  0,  the  place  of  the  observer.  In  this  plane  draw  the 
lines  ON,  OH  parallel  with  the  axes  EY  and  EX ;  let  the  line 
MS  produced  meet  the  plane  OHN  in  K,  and  draw  KN  perpen- 
dicular to  ON.     Then  we  shall  have  

KN=RL=a:-^;  ON=IL=y-»?,andOK=^(x-|)H(y-^)^ 
In  the  triangle  TOK,  right-angled  at  K,  we  have 

tang./=:tang.  OTK=^;  and  TK  =  TQ-KQ=5-<. 

Therefore      (a;-|)'+(y-»?)^  =  («-?)^  tang-V   ....  (2) 

This  equation  corresponds  to  the  conical  surface  in  the  case 
of  an  external  contact.  A  similar  one  may  be  deduced  for  the 
conical  shadow  in  the  case  of  an  internal  contact. 

(274.)  Since  both  the  sun  and  moon  are  sensibly  spherical,  we 
may  represent  the  radius  of  the  moon  by  A;,  and  that  of  the  sun 
by  k".  Then,  from  the  similar  triangles,  MTW  and  STV,  right- 
angled  at  W  and  V,  we  shall  have 

ST:SV::MT:MW. 

Also,  ST+TM=G. 

And  ST.sin.  STV=SV, 

MT.sin.  MTW=MW. 

But       STV=MTW=/;  ST=:?^-5/  MT=«-z. 

Consequently, 

s/sik^llS'-zik;  and  G  sin./=A/+A. 
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Consider  now  the  conical  surface  which  corresponds  to  the  in- 
ternal contact,  and  whose  vertex  is  at  T^  Fig.  2.     In  this  case 
we  shall  have 
T^M=QM-QT'=z-*;  T^S=z''-*,and  MS=T^S-T'M=G. 

But 
rS . sin.  VT^S=SV=A:^;  rM .sin.  WrM  =  MW=fc 

Consequently,  in  the  case  of  an  internal  contact,  we  shall 

have 

z^'-sikfy.z—sik;  and  G  sin./=Ar'— A. 

Hence,  by  reduction,  we  obtain  for  an  external  contact, 
Also,  for  an  internal  contact, 

ZK  "~"  Z  K  1     •        J,     K  •""  K 

(275.)  It  remains  to  consider  in  what  cases  the  angle  /  is 
acute,  and  when  obtuse.  For  an  observer  at  the  point  0,  on 
the  earth's  surface,  the  vertex  of  the  conical  shadow  may  be 
situated  either  on  the  same  side  of  the  heavens  as  the  eclipsing 
body,  or  on  the  opposite  side.  The  first  case  always  happens  at 
an  external  contact,  and  also  at  an  internal  contact  in  an  annu- 
lar eclipse.  The  vertex  of  the  conical  shadow  is  then  found  ei- 
ther at  T,  Fig.  1,  or  at  T^^,  Fig.  3.     The  second  case  happens 

Vig.Z. 


when  the  eclipse  is  total,  and  the  contact  an  internal  one ;  in 
which  case  T^,  Fig.  2,  is  situated  on  the  side  of  the  observer, 
which  is  opposite  to  the  sun.  If,  then,  we  reckon  the  angle  /, 
which  the  axis  of  the .  cone  forms  with  its  side,  always  in  the 
same  direction,  we  shall  have  /=OTQ,  Fig.  1,  or  /=OT^'Q, 
both  of  which  angles  are  acute;  and/=OT'Q,  Fig.  2,  which 
is  an  obtuse  angle.  Hence  we  see  that  for  an  external  contact 
the  angle  /  is  always  acute,  and  also  for  an  internal  contact  in 
annular  eclipses ;  but  for  an  internal  contact  in  total  eclipses 
this  angle  is  obtase. 
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(276.)  We  will  now  eliminate  s  and  tang./  firom  equation  (2), 
by  employing  the  values  just  found. 


Hence 


where  the  sign  +  belongs  to  the  external,  and  —  to  the  internal 
oontaots. 

For  oonvenienoe,  let  us  put 

1= — \     —  — ^— -t=z  tang. /if a:  see./, 

By  substituting  5:  +  G  for  z^  in  equation  (3),  we  obtain 

(x-i?+(y-ir={i-iir (5) 

Comparing  this  equation  with  equation  (2),  we  see  that 

l=s  tang./; 
and  this  represents  the  radius  of  the  circle  formed  by  the  in- 
tersection of  the  conical  shadow  with  the  plane  which  passes 
through  the  centre  of  the  earth,  and  perpendicular  to  the  axis 
of  z. 

(277.)  We  will  now  show  how  the  values  of  a;,  |,  p,  tj,  /, «,  and 
<  may  be  computed  with  the  assistance  of  an  ephemeris.  For 
this  purpose,  conceive  a  new  system  gf  rectangular  axes  inter- 
secting each  other  at  the  centre  of  the  earth.  Let  EZ,  the  new 
axis  of  2r,  be  directed  toward  the  north  pole  of  the  equator ;  let 
EX,  the  new  axis  of  Xj  be  situated  in  the  equator,  and  directed 
toward  a  point  of  the  heavens  whose  right  ascension,  a%  is  equal 
to  that  of  the  sun  from  the  earth.  Let  E Y,  the  axis  of  ^,  be 
directed  toward  a  point  of  the  equator  whose  right  ascension  is 
90^ +a^;  and  also,  let- these  directions  correspond  to  the  posi- 
tive  side  of  the  co-ordinate  axes.  Let  a,  d,  and  r  represent  the 
true  right  ascension,  declination,  and  the  distance  of  the  moon's 
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oentre  from  that  of  the  earth ;  and  let  a^,  <r,  and  R  represent 
the  same  quantities  for  the  sun's  centre,  where  r  and  R  are  sup- 
posed to  refer  to  the  same  unit  of  length. 

Let  M  represent  the  centre  of 
the  moon,  and  from  it  let  fall  upon 
the  plane  XE  Y  the  perpendicular 
MN=z.  From  its  extremity  N, 
upon  the  line  EX,  let  fioill  the  per- 
pendicular NR=y,  and  represent 
ER  by  X. 

Then,  in  the  triangle  EMN, 
right-angled  at  N,  the  side  EM 
=  r;  MN  =  2r;  and  the  angle 
MEN,  which  represents  the  in- 
clination of  the  line  EM  to  the 
equator,  is  =:d. 

Hence  EN=r  cos.  <J;  and  z^r  sin.  <J. 

Also,  in  the  triangle  ENR,  right  angled  at  R,  the  angle 

NER=a-a^ 

Hence 

NR=y=EN  sin.  {a-^of^^^T  cos.  6  sin.  {Q,'-'a'')\ 
and  ER=a;=r  cos.  d  cos.  {a.^af\ 

That  is,  we  find  the  co-ordinates  of  the  moon's  centre, 

parallel  to  the  new  axis  of  z,  to  be  r  sin.  d ; 

y,     "     r  COS.  6  sin.  (a—a'") ; 
a;,     "     r  cos.  6  cos.  (a— a'). 

In  the  same  manner,  since  the  axis  of  x  has  the  same  right 
ascension  as  the  sun's  oentre,  the  co-ordinates  of  the  sun 

parallel  to  the  axis  of  z  will  be  R  sin.  6' ; 

y      "      0; 
a;      "      R  cos.  6\ 

(278.)  If  we  transfer  the  origin  of  co-ordinates  to  the  centre, 
M,  of  the  moon,  sa  that  the  axis  of  z  shall  be  directed  toward 
the  pole,  the  axis  of  x  toward  a  point  whose  right  ascension  is 
a^,  and  the  axis  of  y  toward  a  point. whose  right  ascension  is 
90^ + a^,  these  co-ordinate  axes  will  be  parallel  with  those  before 
mentioned,  and  we  shall  have  for  the  co-ordinates  of  the  oentre 
of  the  sun  referred  to  the  mocm^ 
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parallel  to  the  new  axis  of  2r,         G-  sin.  D ; 

"  "  y,         a  eos.  D  sin.  (A-a^ ; 

"  "  X,         G  COS.  D  cos.  (A-aO, 

since  the  right  ascension  of  the  sun's  centre,  seen  from  that  of 

the  moon,  is  A,  its  declination  is  D,  and  its  distance  is  G*  (see 

page  264). 

Hence  we  have 

G-  sin.  D=R  sin.  <J^— r  sin.  d, 

G-  cos.  D  sin.  (A--a^)  =  — r  cos.  d  sin.  (a— a''), 

G-  COS.  D  COS.  (A— a')  =  R  cos.  d'— r  cos.  d  cos.  (a— a^. 

G  T 

Dividing  each  equation  hy  B,'and  putting  p  =§"9  ^^^  p^^' 

we  shall  have 

g  sin.  D=8in.  6'^e  sin.  d,  \ 

g  COS.  D  sin.  (A— a^)  =  — c  cos.  d  sin.  {a^a%  >  .  (6) 

g  COS.  D  COS.  (A— aO=cos.  d^^e  cos.  d  cos.  (a— a''),  ; 
from  which  A,  D,  and  g*'may  be  computed.     Dividing  the  sec- 
ond of  these  equations  by  the  third,  we  obtain 

,  1 1        ,\  ^  00s.  d  sin.  la — aO 

tang.  (A — a)= ^ 

°  COS.  d'—c  COS.  d  COS.  (a— aO 

_        c  COS.  d  sec,  d'  sin.  (a— a^) 
1— e  COS.  d  sec.  d^  cos.  (a— a^' 
Dividing  the  first  equation  by  the  third,  we  obtain 
,         p.__(8in.  d^—e  sin.  d)  cos.  (A— a') 
"~  COS.  d'— c  COS.  d  COS.  (a^a^)  ' 
Also,  firom  equation  third, 

COS.  d'— e  COS.  d  COS.  (a-'a^) 
^  COS.  D  COS.  (A— a'') 

In  solar  eclipses  the  value  of  A— a''  never  exceeds  a  few  sec- 
onds, and  its  cosine  differs  from  unity  by  a  fraction  which  is  in- 
appreciable in  the  first  seven  decimal  figures ;  and  therefore  the 
factor  COS.  (A— a''),  in  the  last  two  formulas,  may  be  suppressed. 
(279.)  The  preceding  expression  for  the  value  of  D  may  be 
converted  into  an  expression  for  the  value  of  D— d^  by  omitting 
the  factor  cos.  (a—a^),  which  in  a  solar  eclipse  differs  but  Uttle 
from  unity. 

By  Trig.,  Art.  77,  we  have 

tang.  (A-B)=^g'^-->°g^. 
^  ^  '     1+tang.Atang.B 
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Hence 


taiig.(D-<JO  = 


sin.  d'— 6  sin.  d 
COS.  6^—e  cos.  6 


tang.  6^ 


-     sin.  6'  tang.  6'—e  sin.  6  tang.  <J^ 

COS.  d^—e  COS.  (J 

_      sin.  6'—e  sin.  <J— sin.  d^+e  cos.  6  tang.  ^J' 

~cos.  (J^— e  cos.  (J+sin.  6'  tang,  d^— c  sin.  6  tang,  d' 

— e  sin.  6  COS.  (J'+e  cos.  6  sin.  <J^ 

""cos.^  d''— e  COS.  6  cos.  d'+sin.'  <5^— e  sin.  6  sinTd'' 

««    .  .  ^        /T^     */\      —  ^  sin.  ((J— ^) 

That  is,  tang.  (D-dO=i 77— r/v- 

'  D  \  /     1— ecos.  ((J— <5) 

But  since  d— <J^  is  a  small  arc,  we  may,  without  material  error, 

substitute  the  arc  for  its  sine,  and  we  may  also  use  the  aro 

D-d'  instead  of  its  tangent,  and,  neglecting  the  factor  cos.  (d-<J'), 

we  obtain 

1— e 
In  the  same  manner,  we  obtain 

.       ,    c  COS.  <5  sec.  6'  (a— a^) 

ii.=tt  —  — 3 :: r: — * 


Also, 


«•= 


1— e  cos.  dsec.  6^ 
1— e  COS.  6  sec.  <r 


COS.  D  sec.  6' 

or  g-  =  1 — c,  very  nearly. 

(280.)  In  order  to  compute  Xy  y^  etc.,  we  must  return  to  our 

original  system  bf  co-ordinates,  page  264.     Conceive  about  the 

point  E  a  sphere  to  be  described  with  any  radius  at  pleasure, 

and  let  M  represent  the  moon's  place 
upon  this  sphere.  Let  P  represent 
the  pole  of  the  equator,  and  let  Z,  Y, 
X  represent  the  points  where  this 
Z  sphere  is  intersected  by  the  positive 
ends  of  the  above-mentioned  axes. 
In  this  system,  the  point  P  will  lie 
in  the  plane  of  the  great  circle  ZY ; 
and  the  points  M,  Z,  Y,  and  X  will 
be  determined  respectively  by  the 
right  ascensions  and  declinations  a 
and  d,  A  and  D,  A  and  QO^+D, 

900-fAandOo. 
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The  oo-ordinates  z,  y^  and  x  of  the  point  M,  in  respect  to  E, 
taken  parallel  to  the  above-mentioned  axes,  are  equal  to  the  pro- 
jections of  the  line  EM=r  on  these  axes,  or  to  the  products  of 
the  line  EM,  by  the  cosines  of  the  arcs  ZM,  YM,  and  XM.  The 
cosines  of  these  arcs  may  be  derived  from  the  spherical  triangles 
ZPM,  YPM,  and  XPM,  in  which  iiie  side  ZP=90o-D,  MP 
=90° -d,  YP=D,  XP=90<> ;  also,  the  angle  ZPM= A-a,  YPM 
=  180o-(A^a),  and  XPM=90o+A-a. 

Hence,  by  Spherical  Trigonometry,  Art.  225,  we  obtain 
z=r  [sin.  D  sin.  d+cos.  D  cos.  6  cos.  (a— A)],  ) 
y=r  [cos.  D  sin.  cJ— sin.  D  cos.  6  cos.  (a— A)],  ?...(?) 
x=r  COS.  6  sin.  (a— A).  ) 

The  above  expression  for  the- value  of  y  is  subject  to  the  in- 
convenience of  furnishing  y  by  means  of  the  difference  of  two 
large  numbers.  We  may,  however,  easily  transform  it  into  an- 
other which  is  free  from  this  inconvenience. 

Since  cos.  a;  =  cos.^  ix  —  sm?  ix;  that  is,  cos.  (a— A)  = 
COS.*  i(a— A)— sin.*  i(a— A),  and  sin.*  a;+cos.*  x=ly  by  substi- 
tution and  reduction  we  obtain 

2=:r  [cos.  ((J-D)  COS.*  i(a-A)-cos.  {S+D)  sin.*  ^(a-A)], 

y=r  [sin.  (d-D)  cos.*  i(a-A)+sin.  {6+D)  sin.*  i(a- A)]. 

(281.)  Having  thus  computed  2r,  y,  and  a;,  we  can  find  z%  y', 
and  x^  by  the  following  expressions : 

z^=z-\-Gry  y^=yj  and  x^=x. 

Conceive  now  that  M  in  the  preceding  figure  no  longer  repre- 
sents the  moon's  centre,  but  the  geocentric  zenith  of  the  observ- 
er ;  the  declination  of  the  point  M  will  then  be  equal  to  <t>',  or  the 
geocentric  latitude  of  the  place  of  observation ;  and  its  right  as- 
cension will  be  equal  to  fij  the  sidereal  time  of  the  observer  ex- 
pressed in  degrees.  If,  then,  we  represent  the  distance  of  the 
observer  from  the  centre  of  the  earth  by  p,  we  shall  obtain  the 
values  of  ^,  97,  and  ^  from  equations  (7),  by  substituting  p,  fi,  and 
4/  in  place  of  r,  a,  and  6.    We  thus  obtain 

i=p  [sin.  D  sin.  0^4-cos.  D  cos.  <p^  cos.  (/i— A)],  ) 

tl=p  [cos.  D  sin.  0^— sin.  D  cos.  <p'  cos.  (/i— A)],  /  .  .  (8) 

|=p  COS.  <!/  sin.  (f*— A).  ) 

(282.)  The  imit  to  which  the  lengths  of  the  lines  r,  B,  and  p 
are  referred  is  entirely  arbitrary.  Bessel  has  chosen  for  this  unit, 
as  being  most  convenient  for  computation,  the  equatorial  radius 
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of  the  earth.  If  we  represent  the  moon's  eqoatorial  horizontal 
parallax  by  tt,  the  sun's  mean  horizontal  parallax  by  ti^,  and  the 
distance  from  the  centre  of  the  earth  to  that  of  the  sun  by  r^, 
expressed  as  in  the  solar  tables,  where  the  mean  distance  of  the 
earth  from  the  sun  is  considered  as  unity ;  then,  if  the  equato- 
rial radius  of  the  earth  be  taken  as  unity, 

1  r" 

r——. ,  and  R=-r 


sm.  "n-  sm.  7/ 

Let  H  represent  the  mean  radius  of  the  sun,  or  the  apparent 
radius  of  the  sun's  disk  at  the  distance  r^=l ;  then  the  linear 
radius  of  the  sun,  or  /^,  the  equatorial  radius  of  the  earth  being 
taken  as  unity,  will  be  represented  by 

&'=?!^ (9) 

sin.  tt'  ^ 

Consequently,  for  all  eclipses  of  the  sun  we  shall  have 

1  sin.  tt'  Gr .  sin.  tt^  1 

SUL  n  r'  sm.  n  r' 


J,    sin.  H±A:  sin.  tt^ 
sm.  /= 


(10) 


s.tang./=/=5r  tang. /±A:  sec./, 
where  the  sign  +  applies  to  an  external  contact,  and  —  to  an  in- 
ternal contact. 

(283.)  The  numerator  of  the  expression  for  sin. /is  constant 
for  all  eclipses  of  the  sun.  From  the  transits  of  Venus  in  the 
years  1761  and  1769,  Encke  has  determined  7/ = 8^^5776 ;  from 
Bessel's  measurements  at  the  transit  of  Mercury  in  the  year  1832, 
H  was  determined  =959^^.788 ;  and  according  to  Burckhardt's 
tables  of  the  moon,  if  we  take  the  equatorial  radius  of  the  earth 
as  unity,  the  linear  radius  of  the  moon,  or  ft,  will  be  equal  to 
0.2725.    Hence  we  have  generally 

kg.  sin.  7^=5.6189407;  \ 

log.(sm.H+A8in.7K)=7.6688050;[  .  .  .  (11) 
log.(sin.H-Asin.7K)=7.6666896.  ) 

(284.)  Let  0  represent  the  geographical  latitude  of  a  given 
place,  0^  its  geocentric  latitude,  and  6)  the  east  longitude  of  the 
place  from  the  meridian  of  the  ephemeris  expressed  in  time. 

The  beginning  and  end  of  the  eclipse  can  nowhere  happen 
many  hours  before  or  after  the  middle  of  the  eclipse,  as  given  in 
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the  ephemeris.  Let,  then,  T  represent  the  mean  solar  time  oor- 
responding  to  the  middle  of  the  eclipse  under  the  meridian  for 
which  the  ephemeris  is  computed ;  T+(o  will  be  the  correspond- 
ing mean  time  of  the  middle  under  the  meridian  of  the  given 
place.  If  we  represent  the  mean  time  of  the  beginning  or  end 
of  the  eclipse  at  the  given  place  by  T+u+t,  we  may  be  sure 
that  ^  is  a  short  interval  of  time.  If  we  have  not  the  use  of  an 
astronomical  ephemeris,  we  may  employ  the  solar  and  lunar  ta- 
bles, and  may  assume  for  T  either  the  time  of  true  conjunction, 
or,  still  better,  the  time  of  middle  of  the  eclipse  for  the  earth 
generally. 

For  the  mean  times  T— Ih.,  T,  and  T+lh.,  compute  from 
the  ephemeris  the  values  of  a,  d,  and  tt  for  the  moon ;  also  a^,  cT, 
and  r^  for  the  sun.  Compute  from  equations  (6)  the  values  of 
A,  D,  and  g  ;  and  from  equations  (7)  the  values  of  2r,  ^,  and  x. 
Also,  compute  the  values  of  /  and  log.  i  from  equations  (4)  and 
(10).  Since  the  values  of  /  and  log.  i  change  but*  slowly,  when 
only  an  approximate  computation  is  required,  we  may  assume 
that  these  quantities  remain  constant  throughout  the  entire  du- 
ration of  the  eclipse. 

(285.)  We  will  now  assume  that  for  the  mean  times  T— Ih. 
and  T+lh.,  under  the  meridian  of  the  ephemeris,  the  co-ordi- 
nates x,  ^,  and  z  have  the  values 

P—P\  ^-^j  b-f/^  BiAp+j/,  q+q'  b+b'; 
which  values  will  be  general  for  all  parts  of  the  earth.  But  for 
the  given  place  we  must  also  compute  the  sidereal  times  which, 
tinder  the  meridian  of  the  place,  correspond  to  the  instants  when 
the  mean  times  T—  Ih.  and  T+lh.  occurred  under  the  meridian 
of  the  ephemeris.  We  then  compute  from  equations  (8)  the 
values  of  the  co-ordinates  $,  97,  and  ^  for  the  given  place ;  and  we 
will  assume  that  these  co-ordinates  for  the  two  instants  above 
mentioned  are 

u—u%  V'-v^j  to—v/j  and  w+w^,  v+v^  w+w\ 

We  may  now  assume  approximately  that  at  the  time  T,  un- 
der the  meridian  of  the  ephemeris,  the  values  of  x,  ^,  Zy  |,  97,  and 
^  are  equal  to  p^  q,  6,  Uj  v,  and  w^  and  that  the  hourly  varia- 
tions of  these  values  are  represented  by  j/,  ^,  A^,  u%  v'^  and  u/; 
also  that,  during  a  moderate  interval  of  time,  the  change  of  the 
values  is  proportional  to  thb  time.    We  shall  there- 

S 
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fore  find  approximately  for  the  mean  time  T+t^  under  tiie  me* 
ridian  of  the  ephemeris, 

x=p+j/t;  y=q+q't;  z=b+b't  ; 

(=u+u^t;  Ti=v+v^t;  i=:w+u/t; 
where  t  is  expressed  in  hours  and  fractions  of  an  hour. 

Substituting  these  values  in  equation  (5),  we  obtain 

(386.)  In  order  to  facilitate  the  computation,  we  will  assume 
p—u=m  sin.  M;  j/— «'=»  sin.  N,  \ 
(2P~t;=m  COS.  H;  ^— 1;''=«  cos.  N,  >  .  .  .  (12) 

where  m  and  n  are  always  to  be  considered  positive.  Substi- 
tuting these  values,  we  obtain 

(m  sin.  M+w<  sin.  N)^+(w  cos.  VL+nt  cos.  N)*=L* 

By  expanding  this  equation,  we  obtain 

m?  sin.^  M+2mn^  sin.  M  sin.  N+n^f*  sin.*  N  |  _|. , 
+m*  COS.*  M+2mn^  cos.  M  cos.  N+«^^  cos.*  N  )  "" 
But  since  sin.*  +oos.*=l,  we  have 

m^+2mnt  cos.  (M-N)+«^^=L*, 
or 

j»*sin.*(M-N)+m*cos.*(M-N)+2mw<co8.(M-N)+n*/*=L*; 
that  is,    m*sin.*  (M-N)  +  [m  cos.  (M-N)+«/]*=L*. 

Let  us  assume 

m  sin.  (M— N)      .      ,  .-«. 
^ ^=sm.  ^ (13) 

then,  if  an  ecUpse  actually  takes  place,  it  will  always  be  possi- 
ble to  compute  the  angle  ^.  Substituting  sin.  V>  in  the  last  equa- 
tion but  one,  we  have 

L*  sin.*  ^+[m  cos.  (M-N)+«^]*=L*, 
or        [m  COS.  (M  -  N) + ntf = L*(l  -  sin.*  V») = L*  cos.*  ^. 
Extracting  the  square  root, 

m  COS.  (M— N)+«^=  ±L  cos.  ^, 
-_     m  COS.  (M—N)    L  cos.  V» 
n  n      ' 

where  the  unit  to  which  t  refers  is  the  mean  solar  hour. 

It  is  obvious  that  the  greater  of  the  two  values  of  ty  under- 
stood in  a  positive  sense,  must  correspond  to  the  end  of  tlia 
eclipse,  and  the  least  of  the  two  to  the  beginning.    Assuoung 
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the  angle  ^  to  be  taken  in  either  the  first  or  fourth  quadrant, 
we  find  for  the  given  place,  in  mean  time  of  the  plaoe, 

in  T 

Beginning  of  the  eclipse  at     T+6) cos.  (M— N) cos.  ^|}, 

n  n 

End  "         •**  T+w--oos.(M-N)+-cos.  1/), 

n  n 

where  we  may  employ  the  valae  of  /  instead  of  L  without  ma- 
terial error. 

(287.)  The  hourly  variations  of  |  and  ^  may  be  found  by  dif- 
ferentiating the  values  of  |  and  ^  in  equations  (8).  We  thus 
obtain 

^=p  cos.  0'  COS.  (fi-A)  ^^^    \ 

^=  -p  sm.  0'  sm.  D^-p  COS.  ^'  cos.  D  oos.  (f*-A)^ 

+p  oos.  ^*  sin.  D  sin.  (/i— A)     ^   \ 
or 

The  unit  of  time  is  here  taken  at  one  hour,  and  the  above 
values  must  be  expressed  in  parts  of  radius. 

(288.)  In  order  to  determine  on  what  point  of  the  sun's  disk 
the  first  and  last  contacts  will  take  place,  conoeive  a  hue  which 
passes  through  the  place  of  the  observer,  parallel  to  the  line 
which  joins  the  centres  of  the  sun  and  moon,  and  directed  to- 
ward the  positive  side  of  the  axis  of  z  ;  the  plane  which  passes 
through  this  line,  and  is  parallel  to  the  axis  of  y  (see  figure,  p^ge 
263),  makes,  with  the  plane  which  passes  through  the  former 
line  and  the  apparent  place  of  the  moon,  the  angle  KON,  whose 

KN    x—i 
tangent  is  j^^ Represent  this  angle  by  Q,.     Since  the 

sun  is  at  a  great  distance  from  the  earth  and  moon,  the  line 
which  joins  the  centres  of  the  sun  and  moon  at  the  time  of  an 
eclipse  forms  a  very  small  angle  with  that  which  passes  through 
the  place  of  the  observer  and  the  sun.  We  may  therefore  as- 
same  that  the  angle  Q,  is  the  same  as  that  which  is  formed  at 
fhe  sun's  centre  by  the  hour  circle  of  the  sun,*  and  that  cirde 
which  passes  through  the  sun's  centre  and  the  point  of  the  sun's 
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limb  where  the  first  or  last  oontaot  takes  place.    Consequeiitlyy 
we  shall  have 

teng.  Q=^. 

But  x-'^=p^u+{j/—u')t 

=:m  sin.  tl+nt  sin.  N,  by  eqaation  12. 
Also,  tU=i'-'m  COS.  (M— N)tL  cos.  ip. 

Hence 

re— ^=171  sin.  M— m  sin.  N  cos.  (M— N):t:L  cos.  ^  sin.  N. 
But 
sin  H— sin.  N  cos.  (M— N)  = 

=sin.  M— sin.  N  cos.  M  cos.  N^sin.  N  sin.  H  sin.  N 
=sin.  M(l— sin.^  N)— sin.  N  cos.  M  cos.  N 
=sin.  M  cos.  N  .cos.  N— sin.  N  cos.  M  cos.  N 
=cos.  N  sin.  (M— N). 
That  is, 

X— f=»i  sin.  (M— N)  COS.  N=fL  cos.  ^  sin.  N. 
But  j^^msin.(M->N) 

sin.  tj) 
Hence 

^ >_i7i  sin.  (M— N)  COB.  N  sin.  ^^m  cos.  ^  sin.  N  sin.  (M— N) 
"  sin.  V» 

= lA — Z — L  J  COS.  N  sin.  i/»=Fsin.  N  cos.  V»  I 

sm.  V»         (  ) 

=  :t:L  sin.  (N^V^)- 
In  the  same  manner,  we  find 

y— 17=  =fL  cos.  (NqpV')- 
Hence,  for  the  first  contact, 

a;-f=-L  sin.  (N-V)=L  sin.  (N+lSQo-V'), 
y-^=-L  COS.  (N-V^)=L  cos.  (N+180o-^); 
and  for  the  last  contact, 

X— f=L  sin.  (N+V^), 
y— i7=L  COS.  (N-fV»). 
That  is,  for  the  first  contact, 

tang.  Q,=tang.  (N+180o-V)» 
or  Q,=  N+180o--V'; 

and  for  the  last  contact, 

tang.  Q=tang.  (N+V^), 

or  QrrN+V'. 
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(289.)  The  angle  Q,  is  measured  on  the  son's  limb,  from  his 
north  point  by  the  east,  from  0^  to  360^.  If  we  oonoeive  an 
hour  circle  drawn  through  the  sun's  centre,  Q,  will  represent  the 
angle  comptehefided  between  the  intersection  of  this  hour  circle 
with  the  sun's  disk  and  the  point  of  first  or  last  contact.  If  the 
observer  has  an  equatorial  telescope,  he  may  easUy  (l^termine 
the  north  point  of  the  son's  disk  by  the  method  explained  in  Art 
42.  If  the  telescope  is  not  equatorially  mounted,  we  must  refer 
the  points  of  first  and  last  contact  to  the  vertex  of  the  sun's  disk ; 
for  which  purpose  we  must  compute  the  angle  P,  which  is  form- 
ed at  the  sun's  centre  by  an  hour  circle  and  a  vertical  circle,  as 
explained  in  Art.  145.  The  nortli  point  of  the  sun's  disk  will  be 
situated  to  the  right  of  the  vertex  if  the  sun  is  west  of  the  me- 
ridian, but  on  the  left  of  the  vertex  if  it  is  east  of  the  meridian. 

(2d0.)  The  following  is  a  recapitulation  of  the  formulas  em- 
ployed in  this  computation : 

Let  T  represent  a  convenient  assumed  time  near  to  the  time 
of  conjunction.     Take  from  the  ephemeris,  for  two  or  three  full 
hours  preceding  and  following  T,  the  following  quantities : 
a=the  moon's  right  ascension,      a^=the  sun's  right  ascension, 
<^=the  moon's  declination,  d^=the  sun's  declination, 

tr=the  moon's  equ.  hor.  parallax,  r^=the  earth's  radius  vector. 

Then  compute  the  following  quantities: 

sin.8'^5776  1 

r^  sm.  TT  sm.  tt 

log.  sin.  8^^6776=5.6189407, 
K^  /    c  COS.  d  sec.  <r(a—a^) 
1— c  COS.  dseo.  a 

1 — e 
1— e  COS.  dseo.  d' 


ff= 


COS.  D  sec.  d 


\/ 


x=ir  COS.  6  sin.  (a— A), 

y=zr  sin.  (d— D)  cos.'i  (a— A)+r  sin.  (dTf  D)  sin.*i  (a— A), 

z^r  cos.  (d- D)  00B.4  (a- A) -r  cos.  (d+ D)  sin.*i  (a- A), 

.    ^    7.6688060 ,.  ^       i       x  ^v 

sm./= — p (for  an  external  contact), 

o 

.     y.   7.6666896 .-,         .  .       i       x    x\ 
8m./= -J (for  an  mternal  contact), 
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t=taiig./, 
ife=0.2725, 
l=zz  tang./T*  sec./. 

Compute,  also,  the  following  quantities  for  the  given  place, 
where 

/i=the  sidereal  time  of  the  place  of  observation ; 
/i^=:the  same  for  the  meridian  of  the  ephemeris; 
<.)=:the  longitude  of  the  place  of  observation ;  east  longitudes 

being  considered  positive,  west  longitudes  negative ; 
^=the  geocentric  latitude  of  the  place  of  observation ; 
p=:the  earth's  radius  for  the  place  of  observation. 

|=p  COS.  0'  sin.  (/[*— A), 

fl=:p  sin.  0^  COS.  D—pfi08.  ^'  sin.  D  cos.  (/[*— A), 
^=p  sin.  0^  sin.  D+p  cos.  ^'  cos.  D  cos,  (^~A)| 
dJ;^p  cos.  ^'  COS.  (/i— A)  d(f*— A), 
Ay=f  sin.  D  rf(/[*-A)-^dD, 
m  sin.  M=a;— I, 
w  COS.  M=y— 17, 
n  sin.  N=a;'— flEf, 
n  COS.  N=y^— rfjy, 

ar" = the  hourly  variation  of  a;, 
^=the  hourly  variation  of  y. 
m  and  n  are  always  positive. 

sin.  V'=Tp  sin.  (M— N). 

^  must  be  taken  in  the  first  or  fourth  quadrant 

m  T 

For  beginning  of  eclipse,  <,= cos.  (M— N) cos.  tfr. 

n  ft 

fit  T 

For  end  of  eclipse,  <,= cos.  (M— N)H —  cos,  V»- 

It  n 

Time  of  beginning  of  eclipse,  =T+6)+^,. 
Time  of  end  of  ecUpse,  =T+6)+^,. 

Angle  from  north  point  for  beginning,  =180o+N— V'=Qi- 
Angle  from  north  point  for  end,  =N+V»=Qt. 

Angle  from  vertex,  =  Q  4-  P = V. 

(291.)  Example.  It  is  required  to  compute  the  time  of  begin- 
ning and  end  of  the  solar  eclipse  of  July  28, 1851,  for  Cambridge 
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Observatory,  latitade  42^  22'  48''  north,  longitude  4h.  44m.  SOs. 
west  of  Greenwich. 

The  right  escension  and  declination  of  the  moon  are  computed 
for  the  Nautical  Almanac  for  each  noon  and  midnight,  exam- 
ined  by  means  of  differences  to  the  fourth  order,  and  interpolated 
for  every  hour.  The  following  places  of  the  moon  for  several 
hours  before  and  after  conjunction  have  been  interpolated  from 
the  computed  places  in  the  Nautical  Almanac,  regard  being  had 
to  differences  of  the  fifth  order.  The  places  of  the  sun  have  also 
been  carefully  interpolated. 


For  the  Moon. 


Greenwich  mean  Solar 
Time. 

aaR.  A. 

JsDee. 

July  28,  0 

125  40    6.75 

»)    3  30.00 

60  27.600 

"        1 

126  19    9.41 

19  58    9.36 

60  28.710 

"        2 

126  68  10.80 

19  52  39.98 

60  29.794 

«'        3 

127  37  10.82 

19  47     1.91 

60  30.851 

«        4 

128  16    9.37 

19  41  15.20 

60  31.880 

5 

128  55    6.36 

19  35  19.88 

60  32.882 

For  the  Sun. 


Ireenwiehmean 

Solar  Ttane. 


July  28,  0 
1 
2 
3 
4 


o'-R.A. 


127  6  6.25 
127  8  32.63 
127  10  59.99 
127  13  27,34 
127  15  54.67 
127  18  21.99 


J- Dee. 


19  5  24.70 
4  50.23 

,  4  15.74 
3  41.21 
3  6.64 
2  32.04 


Log.  r'=Log. 
Distance. 


0.0065782 
65761 
65739 
65718 
65697 
65675 


u'  n  O  reenwich  Slder. 
Time,  reduced  to  Are. 


125  33  19.05 
140  36  46.90 
165  38  14.74 
170  40  42-69 
185  43  10.44 
200  45  38.29 
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A  portion  of  the  labor  of  the  preeeding  oompntation  may  be 
saved  by  the  use  of  a  table  by  Zeeh,  which  furnishes  the  loga- 
rithm of  the  sum,  or  difference  of  two  numbers  which  are  known 
only  by  their  logarithms.  This  table  is  contained  in  Hiilsse's 
Sammlung  mathematischer  Tafeln.     Leipzig,  1849. 

The  following  are  the  results  for  x,  y^  and  z : 


How. 

X 

x' 

Diff. 

y 

y 

Diff. 

Log.  z 

Diff. 

0 

-1.338789 

+  569487 

. 

+.968508 

-.083013 

1.7646447 

421 

1 

-0.769303 

+  .569644 

+  57 

+.885495 

-.083379 

-366 

1.7546026 

832 

% 

-0.199758 

+  .569543 

-  1 

+  .802116 

-.083730 

-361 

1.7545194 

1242 

3 

+0.369785 

+  .669483 

-  60 

+.718386 

-.084073 

-343 

1.7543952 

1667 

4 

+0.939268 

+  .56936r 

-lie 

+  634311 

-  084413 

-340 

1.7542296 

2068 

6 

+  1.508633 

4-..'>4d:»o 

1.7540227 

(292.)  The  preceding  quantities  are  independent  of  geograph- 
ical position,  and  serve  not  only  for  calculating  the  times  of  be- 
ginning, etc.,  of  the  ecUpse  for  any  place  at  which  it  may  be 
visible,  but  also  for  the  calculations  requisite  to  determine  the 
longitude  of  a  place  from  the  observed  time  of  beginning  and  end. 

Computation  of  the  beginning  and  end  of  the  Eclipse  for 
Cambridge,  by  Formula,  page  278. 

a=-ll°  T  30";  4.' =42°  IV  21".  1;  log.  p= 9.9993429. 
For  a  first  approximation  we  will  assume  T=:2h.  Greenwich 
time. 


p'=     1550  38'  15" 

6)=-  71°    7^30" 

;,=p'+6)=       84°  30'  45" 

A=     127°  11'    2" 

/u-A=  -  42°  40'  17" 

p= 9.999343 
COS.  ^'=9.869778 
sin.  (/«-A)=9.831097» 
1=-. 60144= 9.700218« 

p=:  9.999343 

sin.  ^'=9.827098 

D=19°  4'  9"  COS. =9.975489 

.63377=9.801930 


p  COS.  ^'=9.869121 

sin.  D =9.514161 

COS.  Ot-A)= 9.866437 

■17771=9.249719 

»;= +.45606 

p  sin.  ^'=9.826441 

sin.  D =9.514161 

.21908=9.340602 

p  COS.  ^'=9.869121 

COS.  D= 9.975489 

COS.  (ft- A) =9.866437 

.51410=9.711047 

<= +.73318 
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Hie  hourly  variation  otn—A, 
that  is, 

diit- A)=15°  (y  6".6, 
which,  in  pturts  of  radius,  is 
.2618265. 

p  COS.  ^'=9.869121 

COS.  Oi- A) =9.866437 

rf(|a-A)= 9.418014 

(^=+,14242=9.153572 

log,  |=9.700218» 
sin,  D= 9.614161 
rf(ft- A) =9.418014 
-. 04289 =8.632393» 
(fl)=  -33".8, 
which,  in  parts  of  radius,  is 
,0001638. 

log.  <= 9.8652 
dD=6,2143it 
-. 00012 =6.0795« 
<*,= -.04277 

z= -.19976 

1= -,50144 

«-!= +,30168 

y=     ,80212 

f,=     .45606 

y-ti=     .34606 

log.  (x-f)= 9.479546 

log.  (y->y)= 9,539151 

tang.  H= 9.940395 

M=4lo4'60" 

log,  (x-$)= 9.479546 

sin.  M=9.817644 

m=9.661902 


a' =+.56954 
di=  +.14242 
a/-d^= +.42712 
y'= -.08355 
rfi/= -.04277 
y'-rf,= -,04078 
log,  (a/-<i|)=9.630550 
log.  (y^-rf,y)=8,610447«» 
tang.N=l,020103n 
N=95»  27'  14" 

log.  (•C-d^)=9,630550 

sin,  N= 9.998029 

n= 9.632521 


log.  <=  9.8652 
t= 7.6632 
,00338=7.5284 
.53418 


I 
L=.53080 


M=  41°    4' 50" 
N=  95°  27'  14" 

M-N=305o  37  36" 

sin.  (M-N)=9,910000fi 

411=9.661902 

L  comp,=0J275069 

sm,  V>=9.846971i» 

^=3150  19'  47" 

cos.  (M-N)=9.765297 

ffi= 9,661902 

comp.  ft =0,367479 

+.62327=9.794678 


COS.  lj> 

L 


9,851970 
9.724931 
0,367479 


oomp.  n    

+.87979=97944380 
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Hence         /,=  -1.60306h.;  ^,= +0.25652h. 

Beginning =T+/,=0.49694h.  Greenwich  time, 

End =T+^,=2.25652h.         "  « 

which  are  only  to  be  considered  as  approximate  values. 

For  a  second  approximation  we  will  assume  0.6h.  for  the  be- 
ginning, and  2.25h.  for  the  end. 


T 


A 

M-A 

D 

p  COS.  (j/  , 

sin.  (ji—A) 

log.  I 

I 
p  sin.  0^ 

COS.  D 

log.  p  sin.  <l/  COS.  D 

p  COS.  4/ 

sin.  D 

cos,  (/i— A) 

log.  p  COS.  (j}'  sin.  D  cos.  (ji—A) 

p  sin.  (p^  COS.  D 

p  COS.  0^  sin.  D  COS.  (/a— A) 

psin.  0^ 

sin.  I) 

log.  p  sin.  0^  sin.  D 

•p  COS.  ^^ 

COS.  D 

COS.  (/i— A) 

log.  p  COS.  ^'  COS.  D  COS.  (/*— A) 

p  sin.  ^^  sin.  D 
p  COS.  0^  COS.  D  COS.  (/i— A) 

p  COS.  ^"^ 
008.  (fi— A) 

rf^i-A) 
log.  ^ 


BoglDnliig. 


0.5h.  Gr.  m.  t. 

133  4  32.97 

-  71  7  30. 
61  57  2.97 

127  7  28.36 

-  65  10  25.39 
19  4  59.66 

9.8691208 

9.9578873n 

9.8270081» 

-.671441 
9.8264412 
9.9754523 
9.8018935 
9.8691208 
9.5144700 
9.6231132 
9.0067040 
.633714 
.101556 

+.532158 
9.8264412 
9.5144700 
9.3409112 
9.8691208 
9.9754523 
9.6231132 
9.4676863 
.219236 
.293553 

H- .512789 
9.8691208 
9.6231132 
9.4180136 
8.9102476 

+.081329 


Bn4. 


2.25h.  Gr.  m.  t 

159  23  51.7 

-  71  7  30. 
88  16  21.7 

127  11  37.34 

-  38  55  15.64 
19  4  0.50 

9.8691208 

9.7981314*1 

9.6672522m 

-.464785 
9.8264412 
9.9754953 
9.8019365 
9.8691208 
9.5141097 
9.8909867 
9.2742172^ 
.633777 
.188026 

+  .445751 
9.8264412 
9.5141097 
9.3405509 
9.8691208 
9.9754953 
9.8909867 
9.7356028 
.219054 
.544005 

+.763059 
9.8691208 
9.8909867 
9.4180136 
9.1781211 

+.150703 
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sin.  D 

log.  ?  sin.  J)d{fjL^A) 

log.^ 

rfD 

log.  ^cO) 

f  gin.  Drf(/i— A) 

a; 

y 

log.  (a:-f) 

log.  (y-^) 

tang.  M 

M 

log.  (x-l) 

sin.  M 

m 

a/ 

y'-dti 
log.  (x'-<if) 

log.  (y'-iri) 

tang.  N 

N 

log.  {3f-di) 

ffln.  N 

n 

log.< 
* 

log.  «•< 


Bepnning. 


9.8270081n 

9.5144700 

9.4180136 

8.7594917» 

9.7099 

6.2143» 

d.9242» 

-  .057477 

-  .000084 

-  .057393 
-1.054056 
-0.671441 
-0.382615 
+0.927049 
+0.532158 
+0.394891 

9.5827620» 

9.5964772 

9.9862848» 

315°  54'  16".4 
9.5827620» 
9.8425192n 
9.7402428 

+0.569487 

+0.081329 

+0.488158 

-0.083013 

-0.057393 

-0.025620 
9.6885604 
8.4085791« 
1.2799813» 

93°  0'  15".6 
9.6885604 
9.9994027 
9.6891577 
9.70994 
7.66324 
7.37318 

.002361 

.534242 

.531881 

2220  54'  0".9 


End. 


9.6672522» 
9.5141097 
9.4180136 
8.5993755» 
9.8826 
6.2143n 
-6.0969» 

-  .039754 

-  .000125 

-  .039629 
-0.057375 
-0.464785 
+0.407410 
+0.781216 
+0.445751 
+0.335465 

9.6100317 
9.5256472 
0.0843845 

50°  31'  54".0 
9.6100317 
9.8876038 
9.7224279 

+0.569543 

+0.150703 

+0.418840 

-0.083643 

-0.039629 

-0,044014 
9.6220482 
8.6435908}» 
0.9784574» 

95°  59'  56".2 
9.6220482 
9.9976152 
9.6244330 
9.88256 
7.66325 
7.64581 

.003514 

.534162 

.530648 

3140  31'  67".8 
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Beginning. 

End. 

sin.  (M-N) 

9.8329711m 

9.8529982n 

m 

9.7402428 

9.7224279 

comp.  L 

.      0.2741856 

0.2751934 

sin.  V 

9.8473994n 

9.8606195n 

V' 

315°  16'  25".8 

314°  50'  59".8 

COS.  (M-N) 

9.8648313» 

9.8459141 

m 

9.7402428 

9.7224279 

comp.  n 

0.3108423 

0.3755670 

9.9159164» 

9.9439090 

-.823979 

+  .878838 

006.  ^ 

9.8515508 

9.8483445 

L 

9.7258145 

9.7248066 

oomp.  n 

0.3108423 

0.3755670 

9.8882076 

9.9487181 

+  .773060 

+.888624 

t 

4.050929 

+  .009786 

beginning  of  Eclipse. 

EndofEclipM 

T+t 

0.550929h., 

2.259786h., 

or 

or 

Greenwich  mean  time 

Oh.  33m.  3.3s. 

2h.  15m.  36.2s. 

0) 

4h.  44in.  30s., 

4h.  44m.  30s., 

or 

or 

Cambridge  mean  time 

7h.  48m.  33.8s. 

9h.  31m.  5.28. 

N 

93°    0' 

960    0/ 

Vi 

3160  16' 

314°  51' 

Q 

180O+N-V 

N+V 

=317°  44' 

=500  51/ 

These  results  agree  well  with  those  found  on  page  253. 

(293.)  We  may  obtain  a  check  upon  the  accuracy  of  our  com- 
putations in  the  following  manner : 

Equation  (5),  page  267,  is 

(a:-^)H(y-^)«=(/-fO*=L^; 
all  the  quantities  being  supposed  to  be  computed  for  the  instant 
of  first  or  last  contact  of  the  limbs  of  the  sun  and  moon.  If 
these  quantities  have  been  computed  for  a  time,  T,  which  differs 
firom  the  instant  of  contact  by  a  small  interval,  ty  they  may  be 
reduced  to  the  instant  of  contact  by  means  of  the  quantities  a/y 
jf^y  d^y  and  dr^y  which  represent  the  hourly  variations  of  Xy  y,  |, 
and  1}.    In  this  case  we  shall  have 

{x-f +(a/-df)/p+  {y-i?+(y'-rfi?)<}*=L». 

T 
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Thus,  in  the  preceding  example^  for  the  beginning  of  the 
eclipse,  ^=+.050929. 

a;-f= -0.382615 
(a;^-rff)^= +0024861 

Sum=  -0.357754,  whose  square  is  .127988. 
Also,  y- 7?  =+0.394891 

fj^^dri)t=  -0.001305 

Sum=  +0.393586,  whose  square  is  .154910. 

The  sum  of  these  two  squares  is  .282898,  which  is  the  square 
of  .631881,  the  value  of  L. 

For  the  end  of  the  eclipse,  t-  +.009786. 
x-|= +0.407410 
(a/-(/f)^= +0004099 

Suiii=  +0.411509,  whose  square  is  .169340. 
Also,  y-i7= +0.335465 

(y^-e?iy)^= -0.000431 

Sum=     0.335034,  whose  square  is  .112248. 

* 

The  sum  of  these  two  squares  is  .281588,  which  is  the  square 
of  .530648,  the  value  of  L. 

(294.)  When,  the  highest  accuracy  is  not  required,  the  labor 
of  the  preceding  computations  may  be  diminished  by  substitu- 
ting approximate  formulsB  for  some  of  those  here  used.  The 
expressions  for  A,  D,  and  g*,  given  on  page  277,  may  be  simpli*' 
fied  without  greatly  diminishing  their  accuracy.  Since  e  is  al- 
ways a  small  quantity,  the  denominators  of  the  expressions  kt 
A  and  D  are  nearly  equal  to  unity,  and  may  be  omitted.  More- 
over, at  the  time  of  an  eclipse,  d,  6\  and  D  are  very  nearly  equal 
to  each  other ;  hence  the  following  expressions  will  affoird  a  good 
approximation  to  the  values  of  A,  D,  and  g. 

A=a^— e(a— a'), 

g-=l-e. 

These  formulee  will  furnish  the  values  of  A  and  D  within  a 
small  fraction  of  a  second. 

For  the  remaining  computations  we  must  proceed  aocordiog 
to  the  formula  on  pages  277-8. 
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Section  V. 

besssl'b  method  of  computing  occultations  of  stars. 

(295.)  The  fonnulas  required  for  the  computation  of  occulta* 
tions  of  stars  by  the  moon  are  easily  deduced  from  those  already 
given  for  solar  eclipses,  since  the  distance  of  the  fixed  stars  is 
such  that  they  have  no  diurnal  parallax,  and  the  rays  of  light 
which  emanate  from  them  and  touch  the  moon's  disk  may  be 
considered  ^  forming  the  surface  of  a  cylinder.  Hence,  for  oc- 
cultations, the.  quantities/ and  t,  as  well  as  the  horizontal  par- 
allax  of  the  star,  become  each  equal  to  zero ;  also,  a^=A,  6^=D, 
and  /= A:.  It  is  unnecessary  to  compute  either  z  or  ^.  Since  A, 
the  right  ascension  of  the  star,  is  invariable,  d(jM—A)  becomes  ef/i. 
But  the  variation  of  /li  in  one  solar  hour  is  Ih.  Om.  9.8565s.,  or 
150  2'  27^^85,  which,  in  parts  of  radius,  is  .2625162,  whose  log- 
arithm is  9.4191561.  For  a  solar  ecUpse,  the  angle  Q,  was  re« 
ferred  to  the  sun's  limb,  but  in  an  occultation  of  a  star  this  an- 
gle is  referred  to  the  moon's  limb,  and  in  the  latter  case  the  an- 
gle Q,  will  diifer  180^  from  the  angle  Q,  in  the  former  case. 
Hence  we  have  the  following  formula  for  the  computation  of 
occultations : 

T=:any  convenient  assumed  time  near  conjunotion ; 
a==the  moon's  right  ascension; 
<}=the  moon's  declination ; 
7r=the  moon's  equatorial  horizontal  parallax ; 
A=the  star's  right  ascension ; 
D=the  star's  declination ; 
/ti=the  sidereal  time'  of  the  place  of  observation ; 
f/=ihe  same  for  the  meridian  of  thie  ephemeris ; 
6)= the  longitude  of  the  place  of  observation ;  east  longi- 
tudes positive,  west  longitudes  negative ; 
^=ti[ie  geocentric  latitude  of  the  place  of  observation ; 
p=the  earth's  radius  for  the  place  of  observation ; 
cos.  6  sin.  (a— A) 
sm.  TT 
__sin.  (d-D)  cos.^  j(a-A)+sin.  (d+D)  sin.^  ^(a-A) 

sin.  TT 
|=p  COS.  <t>'  sin.  (f*— A) ; 

ri=p  sin.  (f/  COS.  D— p  cos.  <p^  sin.  D  cos.  (/x— A) ; 
di=p  COS.  <f/  COS.  (|i— AyAt : 


392 


Practical  Astronomy. 


di]=i  sin.  DdfjL; 
log.  rf/i= 9.4191561; 
m  sin.  M=a;— I; 
471  COS.  M=y— 17; 
n  sin.  N=x^— rff ; 
noos.  N=y'— diy; 

x^=the  hourly  variation  of  a;; 
y^ = the  hourly  variation  of  y  ; 

m  and  n  are  always  positive ;  f 

sin.  -0=7-  sin.  (M— N) ; 

ij}  must  be  taken  in  the  first  or  fourth  quadrant; 
log.  A;=9.4353665; 

ti=z COS.  (M— N) —  COS.  ^ ; 

fi  n 

t^z= COS.  (M— N)H —  COS.  ip. 

n  n 

Time  of  immersion=T+w+<i. 

Time  of  emersion   =  T + 6) + ^t. 

For  immersion,  angle  from  north  point  toward  east, 

For  emersion,  angle  from  north  point  toward  east, 

=Q,=180o+N+V'- 
Angle  from  vertex=V=Q,+P. 

(296.)  Ex.  1.  Required  the  time  of  occultation  of  a  Tauri, 
January  23,  1850,  for  Cambridge  Observatory. 

We  find  that  the  apparent  conjunction  takes  place  at  about 
13  hours  Grreenwich  mean  time.  We  therefore  interpolate,  from 
the  computed  places  in  the  Nautical  Almanac,  the  moon's  places 
for  several  hours  before  and  after  conjunction,  regard  being  had 
to  differences  of  the  fifth  order,  as  on  page  279,  and  obtain  the 
foUowing  results : 


Omnwich  meu  Time. 

a. 

i. 

ir. 

k. 
11 

0        '             *' 

65  47    3.70 

+16  23  28.91 

59  48.046 

12 

66  24    3.30 

16  30    4.10 

59  50.000 

13 

67    1    7.95 

16  36.  33.22 

59  51.942 

14 

67  38  17.62 

16  42  56.21 

59  63.871 

15 

68  15  32.29 

16  49  12.97 

59  55.786 

The  position  of  a  Tauri  is 

A=66<^  49^  63".l ;  D  =  + 16°  12'  3".4. 
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The  following  are  the  results : 

Hoar. 

a 

«* 

Dur. 

y 

yl 

Dur. 

11 

-1.007841 

+.593905 

+.193633 

+.107845 

12 

-  .413936 

+.593985 

+80 

+  .301478 

+.107821 

-24 

13 

+  .180049 

+.694001 

+16 

+.409299 

+.107787 

-34 

14 

+  .774050 

+  .593957 

-44 

+  .517086 

+.107739 

-48 

15 

+  1.368007 

+.624825 

For  the  first  trial,  we  may  assume  T=13  hours  Greenwich 
mean  time,  and  we  shall  obtain  the  approximate  times  of  immer- 
sion and  emersion.  As,  however,  this  example  has  already  been 
computed  on  page  259,  we  will  suppose  the  approximate  times 
to  be  known,  and  will  assume  12  hours  for  immersion,  and  13.25 
hours  for  emersion.     The  work  will  then  be  as  follows : 


Immeraion. 

Emersion. 

T 

12h.  Gr.  m.  t. 

13.25h.  Gr.  m.  t. 

X 

-.413936 

+  .328551 

y 

+.301478 

+  .436250 

of 

+.693945 

+  .593997 

y' 

+.107833 

+  .107795 

l»-A 

-14°69'54".67 

+3°  48'  10".14 

p  COS.  ^' 

9.8691208 

9.8691208 

sin.  0*— A) 

9.4129643n 

8.8216638 

log.l 

9.2820751« 

8.6907846 

1 

-.191459 

+.049066 

p  sin.  0^ 

9.8264412 

COS.  D 

9.9824020 

log-  (1) 

9.8088432 

(1) 

+.643937 

+.643937 

poos.  ^ 

9.8691208 

9.8691208 

sin.  D 

9.4456150 

9.4456150 

008.  0*-A) 

9.9849468 

9.9990427 

log.  (2) 

9.2996826 

9.3137785 

(2) 

+.199380 

+.205958 

(l)-(2)=. 

+.444557 

+  .437979 

pcos.  ^' 

9.8691208 

9.8691208 

COS.  (u— A) 

9.9849468 

9.9990427 

d^ 

9.4191561 

9.4191661 

log.rff 

9.2732237 

9.2873196 

« 

+.187696 

+.193786 
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Immereion. 

Smeralon. 

log.f 

9.2820751» 

8.6907846 

sin.  D 

9.4456150 

9.4456150 

d^ 

9.4191561 

9.4191561 

log.dfi 

8.1468462» 

7.5555557 

dij 

-.014023 

+.003594 

x-i 

-.222477 

+.279485 

y-ri 

-.143079 

-.001729 

log.  (x-f) 

9.3472852« 

9.4463585 

,log.  {y-ri) 

9.1555759« 

7.2377950» 

log.  tang.  M 

0.1917093 

2.2085635ffi 

M 

237°  15'  15".l 

90°  21'  16".0 

sin.  M 

9.9248366» 

9.9999917 

log.  m 

.  9.4224486 

9.4463668 

af-di 

+.406349 

+.400212 

y'-dT) 

+.121856 

+.104201 

log.  (x'-rff) 

9.6088992 

9.6022901 

log.  {y'-dri) 

9.0858469 

9.0178719 

log.  tang.  N 

0.5230523 

0.5844182 

N 

73"  18'  25".4 

75°  24'  22".4 

sin.  N 

9.9813010 

9.9857571 

log.  n 

9.6275982 

9.6165330 

M-N 

163°  56'  49".7 

14°56'53".6 

sin.  (M-N) 

9.4417330 

9.4U5268 

log.  m 

9.4224486 

9.4463668 

ooiap.k 

0.5646335 

0.5646335 

log.  sin.  ^ 

9.4288151 

9.4225291 

^ 

15°  34'  13".0 

15°  20'  27".5 

oos.  (M-N) 

9.9827265« 

9.9850487 

log.OT 

9.4224486 

9.4463668 

oomp.  n 

0.3724018 

0.3834670 

9.7775769» 

9.8148825 

-.599207 

+.652954 

oos.  ^ 

9.9837624 

9.9842430 

log.  le 

9.4353665 

9.4353665 

oomp. » 

0.3724018 

0.3834670 

9.7915307 

9.8030765 

+.618772 

+  .635443 

< 

-.019565 

-.017511 

=  -70.48. 

=  - 63.0s. 

Henoe  we  have  the  following  results : 

Onenwich  mean  Time.  Cambridge  mean  Time. 

Time  of  immersion,    llh.  58m.  49.6s.,  or  7h.  14m.  19.6s. 
"      emersion,      13h.  13m.  67.0s.,  "  8h.  29m.  27.08. 
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For  immersion,  Qi=  N— '^=  57^  44'. 

"    emersion,     Q, = 180°  +  N + V> = 270°  45^ 
These  results  are  nearly  the  same  as  found  on  page  261. 
(297.)  We  may  obtain  a  check  upon  the  accuracy  of  our  com- 
putations in  the  same  manner  as  shown  for  a  solar  eclipse  on 
page  289.     Equation  (5),  pi^e  267,  becomes,  in  the  case  of  an 

occultation, 

(a;-|)2+(y_fy)2=A:2  =  .074256, 

the  quantities  x,  y^  |,  and  f\  being  supposed  to  be  computed  for 

the  instant  of  immersion  or  emersion.     If  these  quantities  have 

been  computed  for  a  time,  T,  which  differs  from  the  instant  of 

immersion  or  emersion  by  a  small  interval,  ^,  we  shall  have 

Thus  in  the  preceding  example,  for  inmiersion,  ^=  —.019565. 

a: -^=-.222477 
(a:'-rfg)/= -.007950 

Sum=  -.230427,  whose  square  is  .053097. 
Also,  y-fy= -.143079 

(y^-rf^)<= -.002384 

Sum  =  —.145463,  whose  square  is  .021159. 
The^sum  of  these  two  squares  is  .074256. 
For  emersion,  ^=—.017511. 

a:-|= +.279485 
(a/-rf^y= -.007008 

Sum=     .272477,  whose  square  is  .074244. 
Also,  y-fy= -.001729 

(y^-rfiy)/= -.001825 

Sum=     .003554,  whose  square  is  .000012. 
The  sum  of  these  two  squares  is  .074256. 
(298.)  Ex,  2.  Required  the  time  of  occultation  of  y  Yirginis, 
January  9,  1855,  for  Washington  Observatory. 
*    Apparent  conjunction  takes  place  between  23  and  24  hours 
of  Greenwich'  mean  time.     The  moon's  places  for  23,  24,  and 
25  hours,  Grreenwich  time,  according  to  the  American  Nautical 
Almanac,  are  as  follows : 


Greenwich  m.  t." 

a 

i. 

It. 

k. 

k.      m.           «. 

o 

1              I* 

23 

12  33  21.97 

+0    8  30.8 

55  31.18 

24 

12  35  12.33 

-0    5  32.3 

55  32.80 

25 

12  37    2.80 

-0  19  36.2 

55  34.43 

OCCULTATIONS    OP    StaRS. 

The  position  of  y  Virginis  is 

A=12h.  34m.  18.43s.;  D=-0o  39^  IS^M. 

Oomputatioa  of  the  oo-oidiQates  x  and  y. 
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Oreenwieh  mean  Time. 

23h. 

84h. 

Uh. 

a-A 

-14'  6".9 

+  13'  28".5 

+41'  5".55 

log.  TT 

3.5225981 

3.5228093 

3.5230216 

log.  sin.— log. 

4.6853560 

4.6855560 

4.6855559 

sin.  n 

8.2081541 

8.2083653 

8.2085775 

log.  (a-A) 

2.9278321» 

2.9076800 

3.3919138 

log.  sin.— log. 

4.6855736 

4.6855738 

4.6855645 

COS.  d 

9.9999987 

9.9999994 

9.9999929 

cosec.  TT 

1.7918459 

1.7916347 

1.7914225 

log.  X 

9.4052503n 

9.3848879 

9.8688937 

X 

-.254244 

+  .242598 

+.739424 

<J+D 

-30'  41".3 

-44'  44".4 

-58'  48".3 

(J-D 

+47'  42".9 

+33'  39".8 

+  19'  35".9 

008.  i(a— A) 

9.9999991 

9.9999992 

9.9999922 

COS.  i{a—A) 

9.9999991 

9.9999992 

9.9999922 

log.(d-D) 

3.4568062 

3.3053084 

3.0703704 

bg.  sin.— log. 

4.6855609 

4.6855679 

4.6855725 

cosec.  ff 

1.7918459 

1.7916347 

1.7914225 

log.  (1) 

9.9342112 

9.7825094 

9.5473498 

log.  i(a-A) 

2.62680 

2.60665 

3.09088 

log.  sin.— log. 

4.68557 

4.68557 

4.68557 

sin.  J  (a— A) 

7.31237 

7.29222 

7.77645 

sin.  (<J+P) 

7.95069» 

8.10440» 

8.23250« 

cosec.  TT 

1.79185 

1.79163 

1.79142 

log.  (2) 

4.36728» 

4.48047» 

5.57682» 

(1) 

+.859431 

+  .606051 

+  .352666 

(2) 

.000002 

-.000003 

-.000038 

(l)+(2)=y 

+.859429 

+.606048 

+  .352617 

The  following  are  the  results : 

Hour. 

a 

c- 

Dur. 

V 

»' 

Diff. 

83 

-.2542U 

+.496842 

+  .859429 

-.253381 

24 

+.242598 

+.496826 

-16 

+  .606048 

.253431 

-50 

25 

+.739424 

+  .352617 

For  a  first  approximation  we  assmne  T=24  hours  Greenwich 
mean  time.  The  corresponding  sidereal  time  at  Washington  is 
14h.  9m.  3d.06s. ;  whence 

iii-A= +23049^9^^45. 

Also,  p  sin.  0^=9.7955439,  and  p  cos.  0''= 9.8917226. 
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Hence  we  obtain 

x=+  .24260 ;  i=+  .31474 ;  m  sin.  M = -  .07214. 
y= +  .60605;  17= +.63261;  m  cos.  M=-. 02666- 

11=2490  47/  ifi//^  log,  m= 8.885779. 

a/ =+.49683;  df= +.18716;  «  sin.  N=+. 30967. 

1^= -.25341;  rf»j= -.00094;  noos.  N= -55247. 

N=129°  11'  24",  log.  »=9.601567. 

1^=14°  3'  12". 

<i= -.56368;  <j= +.75955. 

Greenwich  mean  Time.    Washington  mean  TInia. 

Time  of  immersion =23.43632h.,  or  18h.  17m.  59s. 
"       emersion    =24.75965h.,  "  19h.  37m.  23s. 
For  the  second  approximation  we  will  assmne  23h.  2dm.  for  im- 
mersion, and  24h.  45m.  for  emersion.    The  results  are  as  follows : 


Immersion. 

Emersion. 

T 

23h.  25m.  Gr.  m.  t. 

24h.  45m.  Gr.  m.  t. 

X 

-.047224 

+  .615218 

y 

+.753860 

+.415979 

7f 

+.496843 

+.496821 

y 

-.253377 

-.263443 

^-A 

15°  2'  43".2 

35°  6'  0".3 

1 

+  .202302 

+.448121 

n 

+  .633058 

+.631747 

d^ 

+  .197574 

+.167383 

dfi 

-.000606 

-.001341 

M 

295°  49'  58".2 

142°  14'  41".2 

log.  m 

9.4428399 

9.4360119 

N 

130°  11'  7".3 

127°  25'  29".9 

log.  n 

9.5929907 

9.6178712 

14°  36'  25".7 

14°  50'  32".5 

t 

+  .012470 

-.001011 

Q 

115°  35' 

322°  16' 

Henoe  we  have  Greenwich  mean  Time.  Washington  mean  Time. 

Time  of  immersion,  23h.  25m.  44.9s.,  or  18h.  17m.  33.7s. 
<<       emersion,     24h.  44m.  56.48.,  "  19h.  36m.  45.28. 
Check. — For  immersion^ 

x-|= -.249526 
(a/-f^g)/= +.003732 

Sum  = —.245794,  whose  square  is  .060414. 
Also,  y-^= +.120802 

(y"-rfyy)/= -.003152 

Sum  = +.117650,  whose  square  is  .013842. 
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The  sum  of  these  two  squares  is  .074256. 
For  emersion^ 

x-.f= +.167097 
(a/ -<^g)^= -.000333 

Sum  =  +.166764,  whose  square  is  .027810. 

Also,  y~^= -.215768 

(y"-rf?y)^= +.000255 

Sum  =  —  .216613,  whose  square  is  .046446. 

The  sum  of  these  two  squares  is  .074256. 
.  In  the  Tables  firom  which  the  American  Nautical  Almanac  is 
computed,  the  value  of  A:  is  assumed  to  be  0.272278.  In  the 
English  Nautical  Almanac  for  1857  the  value  of  A:  is  assumed 
to  be  0.273114.  The  value  employed  in  Burckhardt's  Tables 
of  the  Moon  is  0.2725. 

(299.)  In  the  American  Nautical  Almanac,  and  also  in  the 
Berlin  Jahrbuch,  are  furnished  elements  by  which  the  preceding 
computations  are  materially  abridged.  These  elements  are  the 
oo-ordinates  x  and  ^,  with  their  hourly  variations.  '  In  the  Amer- 
ican Almanac,  p.  375-397,  is  given  a  list  of  all  the  stars,  to  the 
sixth  magnitude  inclusive,  contained  in  the  B.  A.  Catalogue, 
which  can  be  occulted  by  the  moon.  It  also  furnishes  for  each 
star  the  "Washington  mean  time  (T)  of  conjunction  with  the 
moon ;  the  Washington  hour  angle  of  the  star  at  the  time  T ; 
and  the  co-ordinates  for  the  same  time,  with  their  hourly  varia- 
tions. At  the  instant  of  conjunction  x  reduces  to  zero,  and  is 
therefore  omitted  &om  the  almanac. 

Thus  for  y  Virginis,  January  9,  1855,  we  find  on  page  375, 
T= Washington  mean  time  of  conjunction,  18h.  22.5m. 

H= Washington  hour  angle  of  star  at  time  T,  +lh.  6m.  51s. 
Y=the  co-ordinate  which  Bessel  represents  by  y,  +0.7298 
j/= hourly  variation  of  j?,  Bessel  represents  by  xf^  +0.4968 
^= hourly  variation  of  g,  Bessel  represents  by  y',  —0.2530 
log.  sin.  D=log.  sine  of  star's  declination,  —8.0570 

log.  COS.  D=log.  cosine  of  star's  declination,  0.0000 

Having  the  assistance  of  these  numbers,  we  are  relieved  from 
the  necessity  of  the  preliminary  computations  on  page  297,  and 
the  approximate  times  of  immersion  and  emersion  are  obtained 
with  very  little  labor,  especially  if  we  employ  logarithms  to  only 
four  decimal  places,  which  will  generally  fiimish  results  correct 
to  the  nearest  minute. 


CHAPTER  HI. 

LONGITUDE. 

Section  L 

LONGITUDE    DETERMINED    BY    TRANSPORTATION    OF   CHRONOMETERS. 

(300.)  The  manufacture  of  chronometers  has  attained  to  such 
a  degree  of  perfection  as  to  afford  the  means  of  determining  the 
difference  of  longitude  of  two  stations,  not  too  remote  from  each 
other,  with  a  precision  superior  to  that  of  most  other  methods. 
The  following  are  the  essential  steps  of  this  method :  The  time 
is  accurately  determined  at  one  station,  Greenwich,  for  instance, 
and  the  chronometer  is  carefully  compared  with  the  transit  clock ; 
hence  the  error  of  the  chronometer  on  the  meridian  of  Green- 
wich is  known.  The  chronometer  being  carried  to  a  second  sta^ 
tion,  for  example,  Cambridge  Observatory,  is  compared  with  the 
transit  clock  at  that  place.  Thus  the  error  of  the  chronometer 
on  the  meridian  of  Cambridge  is  known ;  but  its  error  on  the 
meridian  of  Greenwich  at  the  same  instant  is  known,  if  its  rate 
be  known,  and  the  longitude  is  the  difference  of  these  two  er- 
rors. In  grand  chronometric  expeditions,  it  is  customary  to  em- 
ploy a  large  number  of  chronometers,  from  twenty  to  fifty,  or 
more,  as  checks  upon  each  other. 

(301.)  The  most  serious  difficulty  in  the  application  of  this 
method  consists  in  determining  the  rate  of  the  chronometers 
during  the  journey,  for  chronometers  generally  have  a  different 
rate  when  transported  from  place  to  place,  either  by  land  or  by 
sea,  from  that  which  they  maintain  in  an  observatory.  When 
it  is  proposed  to  determine  the  difference  of  longitude  of  two  sta- 
tions with  the  greatest  accuracy,  the  error  of  the  chronometers 
should  be  determined  at  the  commencement  of  the  expedition, 
at  the  first  station ;  the  same  thing  should  be  done  at  the  sec- 
ond station ;  then,  as  soon  as  possible,  the  chronometers  should 
be  brought  back  to  the  first  station,  and  their  error  determined 
anew.  The  chronometers  should  thus  be  transported  back  and 
forth  a  considerable  number  of  times. 
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Let  us  designate  the  eastern  station  by  A,  the  western  by  B, 
and  the  west  longitude  of  the  plaoe  B  from  A  we  will  designate 
by  6).  We  will  suppose  that  at  the  time  /,  at  the  place  A,  the 
error  of  one  of  the  chronometers  was  a  ;  that  on  its  arrival  at  B, 
at  the  time  Vy  the  error  was  b  ;  and  again,  on  its  return  to  A  at 
the  time  V\  the  error  was  a\  If  we  regard  a  day  as  the  unit 
of  time,  and  represent  the  mean  daily  rate  of  the  chronometer 
during  the  journey  by  m^  we  shall  have 

a'— a 

whence  we  may  conclude  that 

6)=a  +m  (t^—t)  —bj 
or  a)=a^-i»(r'-^)-6. 

Each  chronometer  will  afford  an  independent  determination 
of  the  value  of  6) ;  and  in  order  to  detect  any  irregularity  in  the 
rates  of  the  chronometers,  they  should  be  compared  daily  with 
each  other  throughout  the  entire  journey. 

The  following  observations  were  made  to  determine  the  differ- 
.ence  of  longitude  between  two  stations,  A  and  B : 


Station  A 
Station  B 
Station  A 


^= September  15,  11.55h. 
^= September  17,  18.86h. 
r=  September  18,  11.55h. 


a=+34m.201s. 

6=+ 31m.    0.6s. 

a'=+34m.    4.4s. 


15  7s 

Consequently  we  have  w= ^=  —5.23s. 

o 

a=+ 34m.  20.1s. 
m{t'^t)=z  -6.23x2.304=  -12.1s. 

-&=-31m.  0  6s. 
Longitude  =:a>=  3m.  7.4s. 
(302.)  Since  chronometers  almost  invariably  indicate  a  differ- 
ent rate,  according  as  they  are  traveling  or  at  rest,  if  the  observer 
remains  for  several  days  at  the  station  B,  the  error  of  the  chro- 
nometers should  be  determined  immediately  upon  arrival,  and 
again  before  departing  from  B ;  and  the  interval  of  rest  should 
not  be  included  in  the  determination  of  the  value  of  m.  Sup- 
pose we  have  determined  the  chronometer  errors 

a,  bj  Vy  a\ 
corresponding  to  the  times 

ty  t  y  t  ,  r  , 
where  a  and  a^  are  supposed  to  have  been  obtained  at  the  place 
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A;  b  was  the  error  on  first  arriving  at  B,  and  b^  the  error  on  de- 
parting firom  B. 

Then  the  interval  of  time  embraced  in  the  two  journeys  is 

and  the  change  in  the  error  of  the  chronometer  for  the  same  time 


Hence  we  have     m 


_  (a^-a)-(ft^-6) 


The  following  example  is  taken  &om  Struve's  chronometrio 
expedition,  undertaken  in  1843,  between  Pulkova  and  Altona : 


Pulkova 
Altona 
Altona 
Pulkova 


^=May  19,  21.54h. 

r=May  24,  22.66h, 
r=May26,  10.72h. 
r^=May31,    O.OOh. 


a=         +6m.  38.108. 

6=-lh.  14m.  39.92s. 

6'=-lh.  14m.  36.77s. 

a'=         +7m.    9.58s. 


Here  we  have 


a^-a=31.48s. 
ft' -6=  3.15s. 


Also, 


Hence 


(a'_a)-(ft'-.ft)=28.33s. 

^'-^=5d.    1.12h. 

r^^-r=4d.  13.28h. 

{f-'t)+ (r '  -  r ) = 9d.  14.40h. 

28.33s. 


m= 


9.6 


=  +2.951s. 


a=         +6m.  28.108. 
m(r-0=2.951  X  5.047=  +14.89s. 

--ft=  +  lh.  14m.  39.92s. 
Longitude =61=  Ih.  21m.  32.91s. 
(303.)  It  is  here  assumed  that  the  rate  of  the  chronometer  was 
the  same  during  the  journey  from  Pulkova  to  Altona  as  during 
the  journey  from  Altona  to  Pulkova.  In  order  to  eliminate  any 
error  which  might  arise  firom  this  supposition,  Strove  begins  the 
next  calculation  with  Altona,  so  that  any  change  in  the  rate  of 
the  chronometer  will  produce  the  opposite  effect  firom  that  which 
would  result  if  the  computation  commenced  with  Pulkova.  The 
following  combination  is  the  one  which  immediately  succeeded 
that  of  the  former  example : 


Altona 
Pulkova 
Pulkova 
Altona 


^=May  26, 10.72h. 

^^=May31,    O.OOh. 

r= June  3,     6.62h. 

r^=June7,  20.52h. 


ft=-lh.  14m.  36.778. 

a=         +7m.   9.68s. 

a'-        +7m.  19.368. 

6'=-lL14m.   0i35s. 
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Here  we  have  f—hzs  36.42s. 

a'—a=  9.789. 
(b'-b)-{a'-a)=2QMs. 

^-/=4d.  13.28L 

r'-r=4d.  14;90h. 

\t'-t)+{t'"-t")=^.    4.18k 

26.64s.        ,  nnn* 

6=-1h.  14m.  36.77s. 
w(^-0=:2.904x  4.553=  +13.22s. 

—«=         -.7m.    9.58s. 
Longitude =6)=  -  Ih.  21iri.  33.13s. 

In  the  chronometrio  expedition  already  referred  to,  nine  voy- 
ages were  made  from  Pulkova  to  Altona,  and  eight  from  Altona 
to  Pulkova,  in  which  81  chronometers  were  employed.  The  re- 
sults of  13  of  this  number,  having  shown  greater  discordances 
than  the  rest,  were  rejected,  and  the  deduced  longitude  was  made 
to  depend  upon  68  chronometers. 

This  result  was 

Ih.  21m.  32.52s., 
with  a  probable  error,  according  to  Struve,  of  only  0.04s. 

(304.)  It  is  indispensable  to  the  accuracy  of  these  results  that 
the  time  be  obtained  at  each  station  with  the  greatest  precision. 
Struve  recommends  that  the  time  be  determined  witii  a  tran* 
sit  instrument,  by  observations  of  stars  near  the  zenith,  inas* 
much  as  a  shght  deviation  of  the.  transit  instrument  from  the 
plane  of  the  meridian  dqes  not  affect  the  time  of  passage  of  a 
zenith  star.  It  is  necessary,  however,  to  know  the  inclination  of 
the  axis  with  the  greatest  accuracy ;  and  the  axis  should  be  re- 
versed upon  its  supports  during  each  series  of  observations,  so  as 
to  eliminate  the  effect  of  unequal  pivots  and  of  collimation  error. 
In  order  to  eliminate  the  effect  of  any  error  in  the  right  ascensions 
of  the  stars  employed,  the  same  stars  should,  if  possible^  be  ob- 
served at  both  stations.  For  this  purpose,  a  catalogue  of  all  the 
stars  which  pass  near  the  zenith^  and  of  a  magnitude  sufficient 
to  be  observed  without  inconvenience,  should  be  prepared  before- 
hand, and  a  copy  furnished  to  each  observer.  If  the  places  of 
any  of  the  stars  are  too  imperfectly  known,  they  should  be  care- 
fully observed  with  the  instruments  of  some  large  observatory. 
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(305.)  The  comparisons  of  the  ohronometeis  should  all  be 
made  by  observing  the  coincidence  of  beats.  If  we  undertake 
to  compare  two  clocks  which  beat  seconds  of  the  same  kind  of 
time,  unless  they  happen  to  tick  at  the  same  instant,  there  is  a 
fraction  of  a  second  which  must  be  estimated  by  the  ear.  This 
estimation  is  extremely  difhcult,  and  practiced  observers  will 
differ  among  themselves  by  a  quarter  of  a  second,  and  sometimes 
even  more.  When,  however,  the  two  clocks  happen  to  tick  to- 
gether, there  is  no  fraction  of  a  second  to  be  estimated ;  and  a 
practiced  ear  will  detect  any  deviation  from  coincidence  in  beats 
amounting  to  0.01s.  Now  a  sidereal  clock  gains  upon  a  solar 
clock  one  second  in  about  six  minutes ;  and  if  two  such  clocks 
are  placed  side  by  side,  they  must  tick  together  once  in  every 
pix  minutes.  In  order  to  compare  two  such  clocks,  we  notice 
their  movements,  and  wait  until  the  beats  sensibly  coincide, 
when  we  know  that  their  difference  amounts  to  an  entire  number 
of  seconds,  which  is  readily  discovered.  Chronometers  generally 
make  two  beats  in  a  second ;  so  that  between  a  clock  which 
beats  seconds  of  sidereal  time,  and  a  chronometer  which  ticks 
half  seconds  of  solar  time,  there  must  be  a  coincidence  every 
three  minutes.  Chronometers  are  sometimes  made  to  tick  13 
times  in  6  seconds.  Such  a  chronometer,  regulated  to  mean 
time,  makes  121  ticks  in  56  seconds  of  sidereal  time ;  that  is, 
the  coincidences  between  such  a  chronometer  and  a  sidereal  sec- 
onds-pendulum would  occur  every  56  seconds.  Moreover,  the 
intervals  between  the  ticks  of  the  chronometer  is  0.4628s.  side- 
real time ;  and  13  of  these  intervals  are  equal  to  6.016s.  sidereal 
time ;  54  are  equal  to  24.991s. ;  67  are  equal  to  31.007s. ;  and 
121  are  equal  to  55.999s ;  that  is,  in  the  course  of  56  seconds 
there  are  five  coincidences  within  the  limits  d:  0.02s.  Such  a 
chronometer  affords  the  means  of  comparing  by  coincidences 
with  great  rapidity ;  a  consideration  of  no  trifling  importance 
where  80  chronometers  are  to  be  compared  daily.  Chronome- 
ters are  frequently  made  to  beat  five  times  in  two  seconds,  which 
gives  a  coincidence  at  every  36  seconds  with  a  half-second  side- 
real chronometer. 

(306.)  It  is  also  indispensable  to  the  accuracy  of  the  results 
that  the  personal  equation  of  all  the  observers  employed  in  ob- 
taining the  time  should  be  carefully  determined.     The  mode  of 
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doing  this  has  already  been  explained  on  page  80.  This  correo- 
tion  is  the  most  difficult  to  obtain  satisfactorily,  especially  as 
persona]  equation  is  not  always  a  constant  quantity,  but  is  liable 
to  vary  with  the  physical  condition  of  the  observer.  It  is  the 
opinion  of  Mr.  Airy,  that  when  a  tolerable  number  of  chronom- 
eters is  used  for  a  moderate  distance,  and  in  good  observing 
weather,  the  variation  of  personal  equation  is  the  error  to  be 
most  apprehended. 

A  grand  chronometric  expedition  has  been  for  several  years  in 
prc^ess,  at  the  expense  of  the  United  States  coast  survey,  for 
the  purpose  of  determining  the  difference  of  longitude  between 
Crreenwich  and  Cambridge,  Massachusetts.  A  large  number 
of  chronometers  have  been  transported  by  means  of  the  Gunard 
steamers  from  the  Liverpool  Observatory  to  Cambridge,  and  back 
again  to  Liverpool.  During  the  summer  of  1849,  forty-four 
different  chronometers  were  employed  in  several  trials,  and 
during  the  progress  of  the  expedition  more  than  four  hundred 
exchanges  of  chronometers  have  been  made.  For  facility  of 
comparing  the  chronometers,  Mr.  Bond  used  a  chronometer  beat- 
ing half  seconds,  and  gaining  12  minutes  daily  on  mean  solar 
time,  which  furnished  a  coincidence  of  beats  every  90  seconds. 


Section   II. 

LONOITUDE    DETERMINED    BY   THE    ELECTRIC    TELEGRAPH. 

(307.)  The  difference  of  the  local  times  of  two  places  may  be 
determined  by  means  of  any  signal  which  can  be  seen  or  heard 
at  both  places  at  the  same  instant.  When  the  places  are  not 
very  distant,  the  explosion  of  a  rocket  or  the  flash  of  gunpowder 
may  serve  this  purpose.  Six  or  eight  ounces  of  powder  at  night 
makes  a  good  signal  at  a  distance  of  twenty-five  to  thirty  miles ; 
but  for  a  distance  of  ten  miles,  two  or  three  ounces  are  sufficient, 
if  the  observers  are  provided  with  telescopes. 

(308.)  But  the  electric  telegraph  affords  the  means  of  trans- 
mitting signals  to  a  distance  of  a  thousand  miles  or  more  with 
scarcely  any  appreciable  loss  of  time.  The  first  experiments  of 
this  kind  any  where  made  were  undertaken  in  the  UnBe<!h6tates ; 
and,  vrith  the  exception  of  a  rude  experiment  of  Captain  Wilkes 
in  1844,  all  the  experiments  in  this  country  have  been  made  in 

U 
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oonnection  with  the  United  States  Coast  Survey.  Suppose  there 
are  two  observatories  at  a  considerable  distance  from  each  other, 
and  that  each  is  provided  with  a  good  clock  and  a  transit  instru- 
ment for  determining  its  error ;  then,  if  they  are  connected  by  a 
telegraph  wire,  they  have  the  means  of  transmitting  signals  at 
pleasure  from  either  observatory  to  the  other,  for  the  purpose  of 
comparing  their  local  times.  The  signal  is  given  at  either  sta« 
tion  by  pressing  a  key,  as  in  the  usual  mode  of  telegraphing ; 
and  the  observer  at  the  other  station  hears  the  click  caused  by 
the  motion  of  the  armature  of  his  electro-magnet.  Four  dif- 
ferent methods  of  comparison  have  been  practiced  in  the  exper- 
iments by  the  United  States  Coast  Survey. 

(309.)  The  first  method  is  the  most  obvious  one,  and  consists  in 
simply  striking  on  the  signal  key  at  intervals  of  ten  seconds ;  the 
party  at  one  station  recording  the  time  when  the  signals  were 
given,  and  the  other  party  recording  the  time  when  the  signals 
were  received.  After  about  twenty  signals  have  been  transmit- 
ted from  the  first  station  to  the  second,  a  similar  set  of  signals 
is  returned  from  the  second  station  to  the  first.  This  mode  of 
comparison  has  but  one  serious  imperfection,  and  this  is,  that 
it  requires  the  fraction  of  a  second  to  be  estimated  by  the  ear. 
The  party  giving  the  signals  strikes  his  key  in  coincidence  with 
the  beats  of  his  clock,  so  that  at  this  station  there  is  ho  fraction 
of  a  second  to  be  estimated ;  but  at  the  other  station  the  arma- 
ture click  will  not  probably  be  heard  in  coincidence  with  the 
beats  of  the  clock,  and  the  fraction  of  a  second  is  to  be  estimated 
by  the  ear.  Now  this  fraction  can  not  be  estimated  with  the 
accuracy  which  is  demanded  in  this  kind  of  comparison.  It  is 
found  that  observers  generally  estinoiate  the  fraction  of  a  second 
too  small  when  using  the  ear  alone,  unassisted  by  the  eye.  This 
error  is  greatest  at  the  middle  date  between  two  clock  beats,  and 
is  found  to  vary  from  0.06  to  0.18  of  a  second  with  different  ob- ' 
servers. 

(310.)  This  evil  suggested  the  second  method  of  observation^ 
which  relies  on  the  coincidences  of  a  mean  solar  and  sidereal 
clock  or  chronometer.  The  following  is  the  method  pursued : 
After  transmitting  a  few  signals  by  the  former  method,  so  as  to 
determine  the  diflference  between  the  local  times  of  the  two  sta- 
tions within  a  small  fraction  of  a  second,  the  party  at  the  first 
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station  commences  striking  on  his  signal  key  every  second,  in 
coincidence  with  the  beats  of  his  mean  solar  chronometer,  and 
continues  to  do  so  for  ten  or  fifteen  minutes  without  interruption. 
The  party  at  the  second  station  compares  the  armature  click  of 
his  magnet  with  the  beats  of  his  sidereal  clock,  and  watches  for 
a  coincidence,  and  records  the  time  when  the  coincidence  takes 
place.  When  he  has  obtained  two  or  three  coincidences,  which 
generally  requires  from  ten  to  fifteen  minutes,  he  breaks  the  elec- 
tric circuit,  in  order  to  notify  the  first  party  to  stop  beating.  He 
then  commences  beating  seconds  by  striking  his  own  signal  key 
in  coincidence  with  the  beats  of  his  sidereal  clock ;  and  the  party 
at  the  first  station  compares  the  armature  clicks  of  his  magnet 
with  the  beats  of  his  solar  chronometer,  and  watches  for  a  coin- 
cidence. When  he  has  obtained  three  or  four  coincidences, 
which  generally  requires  ten  or  twelve  minutes,  he  breaks  the 
electric  circuit,  in  order  to  notify  the  other  party  to  stop  beating. 
The  comparison  of  times  at  the  two  stations  is  now  complete. 

(311.)  The  following  observations  were  made  August  1, 1849, 
for  the  purpose  of  determining  the  difference  of  longitude  be- 
tween the  High  School  Observatory  in  Philadelphia  and  Western 
Reserve  College  Observatory  at  Hudson,  Ohio.  The  time-keeper 
employed  at  Philadelphia  was  a  mean  solar  chronometer,  beat- 
ing half  seconds ;  the  time-keeper  at  Hudson  was  a  sidereal 
clock. 


Signal!  giTen  at  Philadelphia, 
mean  Time. 

Signals  received  at 
Hudaon,  aid.  Time. 

Sisnala  given  at 
Hudson,  aid.  Time. 

Signala  received  at 
Philadel.,  mean  Time. 

h.      m.      9. 

14  15  30 

k.      m.        9. 

17  44  23.5 

A.      m.        M, 

18  13    0 

h,      tn.          a, 

14  44    1.6 

40 

33.5 

10 

11.8 

50 

43.5 

20 

21.8 

16    0 

53.7 

30 

31.9 

10 

45    3.8 

40 

41.8 

20  20 

49  14.2 

60 

61.7 

30 

24.3 

14    0 

45    1.7 

40 

34.4 

10 

11.4 

50 

44.4 

20 

21.6 

21    0 

54.5 

30 

31.6 

10 

50    4.5 

40 

41.4 

Result,  14  20  40 

17  49  34.4 

18  14    0 

14  45     1.7 

From  these  comparisons  we  may  conclude  that  14h.  20m.  40s. 
on  the  Philadelphia  chronometer  corresponds  to  17h.  49m.  34.48. 
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on  the  Hudison  clock ;  and  18h.  14m.  Os.  on  the  Hudson  clock 
corresponds  to  14L  45m.  1.78.  on  the  Philadelphia  chronometer. 

The  Philadelphia  observer  beat  seconds  for  ten  minutes,  and 
two  coincidences  were  recorded  at  Hudson ;  viz.,  at 

17h.68m.    Os., 
18h.   4m.  10s. 
The  Hudson  observer  beat  seconds  for  eleven  minutes,  and 
three  coincidences  were  recorded  at  Philadelphia ;  viz.,  at 

14h.  54m.  25s., 
14h.  57m.  28.5s., 
15h.    0m.39s. 
The  former  comparisons  show  us  that 

•  Bp  Cl<  Pkiladelpkia  CkronameUr,  By  the  HudMon  Clock, 

14h.  29m.   4s.  correspond  to  17h.  58m.    Os. 

.  14h.35m.13s.  "  18h.   4m.  10s. 

14L  54m.  25s.  "  18h.  23m.  25s. 

14h.  57m.  28.5s.        "  18h.  26m.  29s. 

15h.    0m.39s.  "  18h.29m.40s. 

At  16h.  Om.  the  Philadelphia  chronometer  was  4h.  48m. 

25.78s.  fast,  and  losing  2.22s.  per  day. 

At  18h.  6m.  the  Hudson  clock  was  8.13s.  fast,  and  losing  1.02s. 
per  day. 

In  the  following  table,  column  first  shows  the  corrected  Phil- 
adelphia mean  times  ;  column  second  the  corresponding  Phila- 
delphia sidereal  times ;  column  third  the  corrected  Hudson  si- 
dereal times ;  and  column  fourth  shows  the  differences  between 
the  numbers  in  the  two  preceding  columns,  or  the  difference  of 
longitude  between  the  two  places. 


Philadel.  mean  Time. 

FbUtdelphit  ild.  Time. 

Hudson  Bid.  Time. 

Diff.  ofLoncitttde. 

A.        fit.            #. 

A.      tn.          9, 

h.         971.              9. 

m.        9. 

9  40  38.08 

18  22  67.43 

17  67  51.87 

25  6.56 

9  46  47.09 

18  29     7.45 

18    4    1.87 

5.58 

10    5  59.12 

18  48  22.63 

18  23  16.89 

5.74 

10    9    2.62 

18  51  26.64 

18  26  20.89 

5.75 

10  12  13.13 

18  54  37.66 

18  29  31.89 

5.77 

Mean  of  results  by  eastern  signals,   25m.  5.57s. 
"  "         western  signals,  25m.  5.75s. 

Mean  of  both,  25m.  5.66s. 

The  difference  between  the  results  by  eastern  and  western  sig- 
nals is  partly  due  to  the  time  required  for  the  transmission  of  the 
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signals ;  but  this  effect  disappears  from  the  mean  of  both  sets  of 
signals. 

(312.)  A  third  method  of  comparing  local  times  is  by  tele- 
graphing transits  of  stars.  This  method  was  practiced  in  the 
summer  of  1848,  between  New  York  and  Cambridge,  in  the  fol- 
lowing, manner  :  A  list  of  zenith  stars  is  selected  beforehand,  and 
furnished  to  each  observer.  When  every  thing  is  prepared  for 
observation,  the  Cambridge  astronomer  points  his  telescope  upon 
one  of  the  selected  stars  as  it  is  passing  his  meridian,  and  strikes 
the  key  of  his  register  at  the  instant  the  star  appears  to  coincide 
with  the  first  wire  of  his  transit.  He  makes  a  record  of  the 
time  by  his  own  chronometer,  and  the  New  York  astronomer, 
hearing  the  click  of  his  magnet,  records  the  time  by  his  own 
clock.  As  the  star  passes  over  the  second  wire  of  the  transit  in- 
strument, the  Cambridge  astronomer  again  strikes  the  key  of  his 
register,  and  the  time  is  recorded  both  at  Cambridge  and  New 
York.  The  same  operation  is  repeated  for  each  of  the  other 
wires.  The  Cambridge  astronomer  now  points  his  telescope 
upon  the  next  star  of  the  list,  which  cuhninates  after  an  inter- 
val of  five  or  six  minutes,  and  telegraphs  its  transit  in  the  same 
manner.  In  about  twelve  minutes  from  the  former  observation, 
the  first  star  passes  the  meridian  of  New  York,  when  the  New 
York  astronomer  points  his  transit  instrument  upon  the  same 
star,  and  strikes  the  key  of  his  register  at  the  instant  the  star 
passes  each  wire  of  his  transit.  The  times  are  recorded  both  at 
New  York  and  Cambridge.  The  second  star  is  telegraphed  in 
a  similar  manner.  The  same  operations  are  now  repeated  upon 
a  second  pair  of  stars,  and  so  on  as  long  as  may  be  thought  de- 
sirable. 

The  chief  objection  to  this  method  is,  that  it  involves  the  es- 
timation of  fractions  of  a  second,  as  in  the  usual  mode  of  transit 
observations ;  that  is,  it  involves  the  personal  equation  of  the 
observers. 

(313.)  The  fourth  method  of  comparison  obviates  this  evil  in 
some  degree,  by  printing  the  signals  upon  a  cylinder  or  a  fillet 
of  paper.  There  must  be  a  clock  at  one  of  the  stations  for 
breaking  the  electric  circuit  every  second,  as  described  in  Art 
102 ;  and  there  must  be  a  register  at  each  of  the  stations  for 
recording  the  beats  of  the  clock  and  any  other  signals  which 
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may  be  required,  as  described  in  Art.  106.  When  the  connec- 
tions are  properly  made,  there  will  be  heard  a  click  of  the  mag- 
nets at  each  station  simultaneously  with  the  beats  of  the  electric 
clock,  and  the  registers  will  all  be  graduated  into  second  spaces. 
The  method  is  not  limited  to  two  stations,  but  any  number  of 
stations  may  be  compared  at  the  same  time.  In  January,  1849, 
Cambridge,  New  York,  Philadelphia,  and  Washington  were  con- 
nected in  this  manner.  The  mode  of  observation  is  the  same 
as  described  in  the  preceding  article,  except  that  the  observations 
are  all  recorded  by  the  operation  of  machinery.  The  Cambridge 
astronomer  strikes  the  key  of  his  register  as  the  star  passes  suc- 
cessively each  wire  of  his  transit  instrument,  and  the  dates  are 
printed  not  only  upon  his  own  register,  but  also  upon  those  at 
New  York,  Philadelphia,  and  Washington.  When  the  same  star 
comes  over  the  meridian  of  New  York,  the  observer  there  goes 
through  the  same  operation,  and  his  observations  are  printed 
upon  all  four  of  the  registers.  The  Philadelphia  observer  does 
the  same  when  the  star  comes  upon  his  own  meridian,  and  we 
proceed  in  the  same  manner  whatever  be  the  number  of  stations. 
Thus  we  have  four  or  more  registers  all  graduated  into  equal 
parts  by  the  ticking  of  the  same  clock,  and  upon  these  we  have 
printed  the  instcuits  at  which  the  star  was  seen  to  pass  each  wire- 
of  the  transit  telescopes  at  the  several  stations.  These  observa- 
tions furnish  the  diflference  of  longitude  of  the  stations,  inde- 
pendently of  the  tabular  place  of  the  star  employed,  and  also  in- 
dependently erf  the  absolute  error  of  the  clock.  The  observers 
now  read  their  levels,  and  reverse  their  transit  instruments.  A 
second  star  is  now  telegraphed  successively  over  each  meridian, 
and  so  on  as  long  as  may  be  desired. 

(314.)  The  following  example  is  derived  from  observations 
made  in  the  summer  of  1852,  to  determine  the  difference  of 
longitude  between  Seaton  Station,  in  Washington,  District  of 
Columbia,  and  Roslyn  Station,  near  Petersburgh,  Virginia.  The 
observations  at  Seaton  were  recorded  upon  Bond's  spring  govern- 
or, and  those  at  Roslyn  upon  Saxton's  register,  and  also  a  Morse 
register.  The  diaphragms  of  the  transits  consisted  of  twenty- 
five  wires,  arranged  in  groups  of  five.  The  following  are  the  ob- 
servations of  star  6150,  British  Association  Catalogue,  July  7, 
1852,  with  the  complete  reduction  for  determining  the  olook  error : 
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Seoton  Station. 


Mean  of  all  the  wires, 
Redaction  to  middle  wire. 
Diurnal  aberration, 
Level  correction, 
Azimuth  correction, 
Collimation  correction. 
Personal  equation, 
Sum, 

Star's  right  ascension. 
Clock  error, 


h.    m. 

18  2 


9.341 
+.030 
-.018 
-.014 
-.082 
-.106 
-.146 


18  2    9.006 
18  1  48.288 


20.717 

The  following  table  shows  the  clock  errors, 
ilar  manner,  from  the  transits  of  15  stars,  on 
7th: 


Rodyn  Station. 

hm     tn.  9, 

18  3  45.108 

.000 

-.018 

-.076 

-.156 

-.192 

-.000 

18  3  44.666 

18  1  48.288 

1  56.378 

derived  in  a  sim- 

the  night  of  July 


StJtr 

Clock  erron  at 

OlOl* 

Seaton. 

Rofllyn. 

l/UIcxvuco. 

8. 

m.         ». 

m.          ». 

6150,  B.  A.  C. 

20.717 

1  56.378 

1  35.661 

6268        " 

21.214 

66.710 

35.496 

6355        « 

20.977 

56.539 

35.562 

6404        « 

21.134 

66.705 

35.571 

6599        » 

20.912 

66.535 

35.623 

6667        « 

20.942 

56.663 

35.721 

6722        « 

21.023 

56.652 

35.629 

6784        « 

20.964 

56.659 

35.695 

7048        « 

21.398 

56.909 

35.591 

7114        « 

21.183 

56.768 

35.586 

7204        « 

21.017 

66.739 

35.722 

7277        « 

21.034 

66.713 

35.679 

7333        " 

21.015 

66.642 

35.627 

7398        « 

20.938 

56.347 

35.409 

7521        " 

20.917 

56.697 
1852  ....  . 

35.680 

Mean  of  observations  July  7,  ] 

,     1  35.617 

Mean  of  all  the 

observations  o' 

a  six  nights  . 

.     1  35.603 

• 

(315.)  This  method  of  observation  is  so  accurate  as  to  furnish 
a  tolerable  measurement  of  the  velocity  of  the  electric  fluid.  If 
the  fluid  requires  no  time  for  its  transmission,  then  the  signals 
given  at  either  station  ought  to  be  similarly  printed  at  all  the 
stations ;  and  the  fraction  of  a  second  registered  upon  any  one 
scale  should  be  identically  the  same  as  upon  every  other.  But 
if  the  fluid  requires  time  for  its  transmission,  these  fractions  will 
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be  different.  Suppose  the  clock  to  be  at  Washington ;  that  an 
arbitrary  signal  is  made  at  Cambridge ;  and  that  the  time  req- 
uisite for  the  transmission  of  a  signal  between  the  two  places  is 
the  thirtieth  of  a  second.  Then  the  clock-pause  will  be  regis- 
tered at  Cambridge  ^l^th  of  a  second  after  it  took  place  and  was 
recorded  at  Washington,  and  the  arbitrary  signal-pause  will  be 
recorded  at  Cambridge  as  soon  as  it  is  made,  or  ^th  of  a  second 
before  it  reaches  Washington.  We  shall  thus  have  the  interval 
between  the  signal-pause  and  the  preceding  clock-pause  longer 
at  Washington  than  at  Cambridge,  and  the  excess  on  the  Wash- 
ington register  will  measure  twice  the  time  consumed  in  the 
transmission  of  the  signals  between  the  two  stations. 

Thus,  in  the  following  figure,  let  the  upper  line  represent  a 
portion  of  the  Washington  time  scale,,  corresponding  to  15,  16, 

Washington,  ^ « ^B 17 18 


Cambridge,     ^ ^—^ ^ y— 

etc.,  seconds,  and  the  lower  line  the  same  for  Cambridge,  each 
division  beii^g  a  little  later  than  the  corresponding  one  for 
Washington.  Then,  if  an  arbitrary  signal  is  made  at  Cam- 
bridge between  16  and  17  seconds,  and  printed  at  A,  the  rec- 
ord on  the  Washington  scale  will  be  at  B,  and  the  interval  from 
16  to  B  will  exceed  that  from  16  to  A  by  twice  the  time  con- 
sumed in  the  transmission  of  the  signals  from  Cambridge  to 
Washington. 

Numerous  observations  have  been  made  under  the  direction 
of  the  superintendent  of  the  Coast  Survey  for  the  purpose  of  de- 
termining the  velocity  of  the  electric  fluid,  and  the  general  re- 
salt  is  about  16,000  miles  a  second. 


Section   III. 

LONGITUDE    DETERMINED    BY    MOON-CULMII^ATINO   STARS. 

(316.)  The  moon's  motion  in  right  ascension  is  very  rapid, 
amounting  to  about  one  minute  in  arc  for  every  two  minutes 
of  time. 

If,  then,  the  right  ascension  of  the  moon  has  been  observed  at 
two  different  stations,  we  may  infer  the  difference  of  longitude 
of  the  two  meridians  from  the  difference  of  the  observed  right 
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ascensions  compared  with  the  times  of  observation.  If  we  have 
a  transit  instrument  adjusted  to  the  meridian,  and  observe  the 
passage  of  the  moon's  limb  and  some  known  star,  we  can  deduce 
the  right  ascension  of  the  moon's  hrab  from  the  known  right  as- 
cension of  the  star.  If  we  select  for  comparison  a  star  which  is 
near  the  moon,  the  errors  of  the  instrument  will  have  but  little 
influence  upon  the  result,'  since  these  errors  will  be  nearly  the 
same  for  the  moon  and  star..  The  English  and  American  Nau- 
tical Almanacs  both  furnish  the  moon's  place  and  those  of  cer- 
tain neighboring  stars  on  every  day  upon  which  it  is  possible  to 
observe  the  moon.  These  stars  are  called  moon-culminating 
stars,  and  are  generally  four  in  number  for  each  day,  two  pre- 
ceding and  two  following  the  moon,  and  nearly  on  the  same  par- 
allel of  declination. 

(317.)  The  Nautical  Almanac  furnishes  the  right  ascension 
of  the  moon's  bright  limb  for  the  lower  as  well  as  the  upper  cul- 
mination, L.  C.  being  put  to  denote  the  lower  culmination,  and 
U.  C.  the  upper  culmination.  The  right  ascension  of  the  moon's 
bright  limb  is  given  for  every  day^  with  a  view  to  the  more  ac- 
curate determination  of  its  variation,  when  required.  It  also 
furnishes  the  variation  in  right  ascension  of  the  moon's  limb  in 
one  hour  of  longitude ;  that  is,  the  variation  during  the  interval, 
of  her  transit  over  two  meridians,  equidistant  from  that  of  Green- 
wich, and  one  hour  distant  from  each  other.  These  numbers 
are  deduced  from  the  right  ascensions  of  the  bright  limb,  and 
therefore  include  the  effect  produced  by  the  change  of  the  semi- 
diameter. 

(318.)  These  numbers  enable  us  to  determine  the  difference 
of  longitude  of  any  two  places  where  corresponding  observations 
of  the  moon's  limb  have  been  made.  The  observations  furnish 
the  right  ascension  of  the  moon's  bright  limb  at  its  transit  over 
each  meridian,  which  we  will  represent  by  A  and  A" ;  hence  we 
know  the  moon's  motion  in  right  ascension,  A^— A,  during  the 
interval  of  the  two  transits.  But  the  Almanac  furnishes  the  va- 
riation of  the  moon's  right  ascension  corresponding  to  one  hour, 
which  we  will  represent  by  V. 

We  shall  therefore  have  the  proportion 

V :  A^— A ::  1  hour :  the  difference  of  longitude. 

Ex.  1.  The  right  ascension  of  the  moon's  first  limb,  Septem* 
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ber  6, 1840,  was  observed  at  Washington  to  be  19h.  21m.  29.90s., 
and  on  the  same  evening,  at  Hudson,  Ohio,  19h.  22m.  9.72s.  Re- 
quired the  difference  of  longitude  of  the  two  pkces. 

Here  A"- A = 39.82s. 

That  value  of  V  must  be  taken  which  corresponds  to  the  mid- 
dle of  the  interval  between  the  observations,  which  is  found  by 
interpolation  to  be  135.55s.     Hence'  we  have 

135.55s. :  39.82s. ::  1  hour :  17m.  37.56s., 
which  is  the  required  difference  of  longitude. 

(319.)  Since  the  moon's  motion  in  right  ascension  is  not  uni- 
form, this  method  of  reduction  can  not  be  relied  upon  when  the 
distance  between  the  meridians  is  considerable.  The  following 
method  in  such  cases  is  to  be  preferred : 

Let  G)  represent  the  approximate  longitude  of  the  station  to 
be  compared  with  Grreenwich,  as  Washington,  for  example,  and 
ca+x  the  true  longitude  to  be  determined.  Let  A  and  A^  be  the 
observed  right  ascensions  of  the  moon's  limb  at  the  moments  of 
its  passing  the  meridians  of  Grreenwich  and  Washington  respect- 
ively. These  will  evidently  be  the  sidereal  times  of  her  transit 
at  those  places.  Find,  by  interpolation  from  the  Nautical  Al- 
manac, the  moon's  right  ascension  for  the  assumed  longitude  <•>, 
and  call  it  A'^.  Now  A',  the  sidereal  time  of  transit  of  the 
moon's  limb  at  Washington,  is  her  right  ascension  for  the  true 
longitude  <M)+Xy  and  consequently  A'— A^^  is  the  increase  of  the 
moon's  right  ascension  for  the  small  arc  of  longitude  or. 

Let  j»'=A^  —A=the  observed  increase  of  right  ascension  of 

the  moon's  Umb  between  the  two  me- 
ridians. 
iii=A^'— A=the  increase  computed  for  the  assumed 

longitude  0). 

Then  m^— w=A'— A^^=the  excess  of  the  observed  increase 
above  the  computed  increase. 

And  we  shall  have 

micjiim^'-mix; 

that  is,  X = —(m^ — m). 

m 

The  true  longitude =6)+ re. 

Ex.  2.  The  increase  of  right  ascension  of  the  moon's  bright 

limb  between  her  transits  over  the  meridians  of  Greenwich  and 
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Hudson,  Ohio,  September  6, 1840,  was  found  to  be  12in.  17.95s. 
Required  the  difference  of  longitude. 

Acoording  to  the  Nautical  Almanac,  the  right  ascension  of  the 
moon's  bright  limb  for  Greenwich  ^ansit  was. 


Date. 


K.  A.  Mouud 
Limb. 


Sept.  5,  U.  C. 

L.  C. 
«    6,U.  C. 

L.  C. 
"    7,  U.  C. 


L.  C  , 


k.  fit.      9. 

18  14  45.36 

18  42  26.84 

19  9  61.52 

19  36  56.63 

20  3  37.08 
20  29  60.72 


D'. 


m. 


«. 


+27  40.48 
+27  26.68 
&^  =  +27  6.11 
+26  40.45 
+26  13.64 


«. 


-14.80 
c  =-20.57 


Co  =  -24.66 


-26.81 


D '. 


-6.77 

d,=-4.09 

-2.16 


t. 


r  =  +  1.68 


'// 


e,  =  +  1.94 


and  the  successive  orders  of  differences  are  found  as  above. 
Hence  we  have,  by  Art.  223, 

b.  c. 

-22.615s. 


+  1625.11s. 


-4.09s. 


+-L81S. 


We  will  assume  cj  to  be  5h.  25m.  40s.     The  process  for  find- 
ing the  value  of  A^^— A,  by  Art,  223,  will  be  as  follows  : 
5h.25m.40s.=   19540s. =4.2909246  log./(^-l)=9.3940w 

12h.=  43200s.  =4.6354837   ^-i=-.047685=8.6784« 

6  comp. =9.2218 
rf=-4.09s.=0.6117» 
-0.008s. =7.9059» 
log.  /(/-1)=9.39407» 


t=  .452315=9.6554409 

fr=1625.11s.=3.2108828 

+735.061S. =2.8663237 


log.  ^=9.65544 
/-l=-.547685=9.73853« 
2  comp. =9.69897 
c=-22.615s.=L35440» 
+2.801s.=0.44734 


^+1=    1.452315=0.1621 

^-2=-1.547685=0.1897« 

24  comp. =8.6198 

e=+1.81s.=0.2577 

+0.042S. =8.6233 


Hence 

A'^  -  A = m = 735.061s. + 2.801s.  -  .008s. + .042s. = 737.896s. 
But  m'= 737.95s. = the  observed  increase  of  right  ascension. 
Hence  m'— m=  +  0.054s. = the  observed  excess. 
Therefore 

737.896s. :  19540s. ::  0.054s. :  a; = 1.43s. 

The  assumed  longitude  was 5h.  25m.  40s. 

The  correction  is +l-43s. 

The  longitude  from  this  observation  is .  .  5h.  25m.  41.43s. 
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(320.)  The  increase  of  right  ascension  of  the  moon's  bright 
limb  should,  if  possible,  be  derived  from  actual  observations  at 
Grreenwich ;  or,  at  all  events,  the  errors  of  the  tables  should  be 
corrected  by  observations  at  some  standard  observatory. 

The  chief  disadvantage  of  this  method  consists  in  this  cir- 
cumstance, that  an  error  in  the  observed  increase  of  right  as- 
cension will  produce  an  error  between  20  and  30  times  as  great 
in  the  computed  longitude.  The  increase  of  right  ascension  of 
the  moon's  limb  in  one  hour  of  longitude  varies  from  112  seconds 
to  180  seconds.  In  the  former  case,  an  error  of  one  second  in 
the  observed  increase  of  right  ascension  would  cause  an  error 
of  82  seconds  in  the  deduced  longitude ;  and  in  the  latter  case, 
it  would  cause  an  error  of  20  seconds.  Hence,  to  obtain  a  sat- 
isfactory result  by  this  method,  requires  a  series  of  observations 
made  with  the  utmost  care-,  and  continued  through  a  long  period 
of  time. 

(321.)  It  is  found  that  telescopes  of  different  optical  power  do 
not  exhibit  the  moon  of  the  same  diameter ;  and  the  determina- 
tion of  longitude  from  a  single  observed  moon-culmination  is  al- 
ways liable  to  error  from  this  source.  In  order  to  eliminate  this 
error,  we  should  so  arrange  the  series  of  observations  that  the 
error  shall  sometimes  be  in  excess,  and  at  other  times  in  defect ; 
and  this  is  accomplished  by  observing  successively  both  limbs  of 
the  moon ;  that  is,  by  observations  of  the  first  limb  before  full 
moon,  and  of  the  second  limb  after,  full  moon.  The  observer 
should  also  take  care  that  the  apparent  diameter  of  the  moon  is 
not  magnified  by  imperfect  optical  adjustment  of  his  telescope ; 
for  which  purpose  he  must  see  that  the.  eye-piece  is  accurately 
adjusted  to  the  focus,  in  order  that  the  moon  and  the  spider  lines 
may  both  appear  sharp  and  distinct  at  the  same  time. 

(322.)  The  method  of  determining  longitude  by  lunar  dis- 
tances is  closely  allied  to  the  method  of  moon-culminating  stars ; 
but  this  method,  being  little  used  in  fixed  observatories,  is  not 
treated  of  in  the  present  volume.  The  common  mode  of  re- 
ducing a  lunar  distance  yields  very  imperfect  results ;  but  in  the 
American  Nautical  Almanac  for  1855,  Professor  Ghauvenet  has 
given  a  method  of  making  the  reductions  with  entire  accuracy, 
and  has  furnished  tables  by  which  the  computations  are  made 
with  great  £BU)ihty. 
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Section  IV. 

LONGITUDE  DETERMINED  FROM  OCCULTATIONS  OF  STARS,  BY  FINDING 

THE   TIME    OF    TRUE    CONJUNCTION. 

(323.)  On  acoount  of  the  moon's  parallax,  it  often  happens 
that  a  star  which  is  ooculted  by  the  moon  to  an  observer  at  one 
station  is  not  ooculted  at  a  second  station,  or  the  occultation  be- 
gins at  a  different  instant  of  time.  We  can  not,  therefore,  use 
an  occultation  as  an  instantaneous  signal  for  comparing  directly 
the  looal  times  at  the  two  stations ;  but  we  may  deduce  from 
the  observed  ocoultation  the  time  of  true  conjunction  of  the 
moon  and  star ;  that  is,  the  time  of  conjunction  as  seen  from  the 
centre  of  the  earth ;  and  this  is  a  phenomenon  which  happens 
at  the  same  absolute  instant  for  every  observer  on  the  earth's 
surfiBLoe.  For  this  purpose,  we  must  determine  from  the  ob- 
served instant  of  immersion  or  emersion, 

1st.  The  apparent  difference  of  right  ascension  between  the 
moon  and  star. 

2d.  The  true  differenoe  of  right  ascension  between  the  moon 
and  star. 

3d.  The  time  of  true  conjunction. 

(324.)  In  the  annexed  figure,  let  P  represent 

the  pole  of  the  equator,  M  the  centre  of  the  moon, 

and  S  the  star  at  the  instant  of  immersion,  when 

its  apparent  distance  from  the  moon's  centre  is 

equal  to  the  moon's  semi-diameter.     Let  SD  be  a 

parallel  of  declination,  passing  through  S,  and  let 

AB  be  the  arc  of  the  equator,  intercepted  between   ^ 

the  hour  circles  PS  and  PM  prolonged.    Then  MD 

is  the  apparent  difference  of  declinations  between 

the  star  and  the  moon's  centre,  which  we  will  rep*  ~"      3 

SD 
—  is  their  apparent  difference  of  right  as- 

COS.  ^id 


resent  by  6 ;  and 


censions,  which  we  will  represent  by  a.     Also,  we  will  represent 
SM,  the  moon's  semi-diameter,  by  A. 

Now  the  triangle  SMD  being  necessarily  very  small,  we  may 
regard  it  as  a  plane  triangle,  and  we  shall  have 

SD»= A*-.<P=(A+d)  (A-d). 
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Whence  .^•(A+dXA-d) 

COS.  a 
putting  d  for  AS,  or,  more  properly,  J(AS+BM). 

If  we  represent  the  moon's  parallax  in  right  ascension  by  tt, 
the  difference  between  the  true  right  ascensions  of  the  moon  and 

star  will  be  represented  by 

a=b7r. 

The  time  required  by  the  moon  to  describe  this  arc  may  be 

found  by  the  proportion 

w :  3600s.  ::a=fc7r:^, 

where  m  is  the  hourly  motion  of  the  moon  in  right  a.soension, 

corresponding  to  the  middle  of  the  interval  between  the  observed 

time  and  that  of  true  conjunction  of  the  moon  and  star. 

„  .    3600,  ^   . 

Hence  t= (a±7r). 

m 

Let  T  represent  the  observed  instant  of  immersion  or  emer- 
sion ;  then  T=b^  will  be  the  instant  of  the  true  conjunction. 

(325,)  If  the  occultation  has  been  observed  under  a  second 
meridian,  we  may  in  the  same  way  determine  the  instant  of  true 
conjunction  at  the  second  place.  Now  the  absolute  instant  of 
this  phenomenon  is  the  same  for  both  places ;  hence  the  differ* 
ence  of  the  two  results  thus  obtained  is  the  difference  of  longi- 
tude of  the  two  stations.  If  the  two  stations  are  not  very  re- 
mote, the  effect  of  any  small  error  in  the  tables  of  the  moon  will 
be  partially  eliminated  from  the  result.  If  the  occultation  has 
not  been  observed  under  a  second  meridian,  we  must  calculate 
the  time  of  true  conjunction  for  G-reenwich  according  to  the  ta- 
bles, and  compare  this  time  with  that  deduced  from  the  observa- 
tion. 

Example.  The  immersion  of  97  Tauri  was  observed  at  the 
High  School  Observatory,  Philadelphia,  July  6,  1839,  at  16h. 
30m.  25.39s.  mean  time ;  and  at  Hudson,  Ohio,  at  16h.  2m. 
21.67s.  mean  time.  Required  the  difference  of  longitude  of  the 
two  places. 

We  will  assume  the  longitude  of  Philadelphia  to  be  5h.  Cm. 
42.5s.,  and  that  of  Hudson  to  be  5h.  25m.  41.3s. ;  the  corre- 
sponding Grreenwich  times  of  observation  will  be  21h.  31m. 
7.89s.,  and  21h.  28m.  2.97s. 

For  21h.  31m.  7.89s.  Grreenvdch  time,  the  moon's  equatorial 
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parallax,  by  Adams'  Tables,  is  59^  41''^?,  which,  reduced  to  the 
latitude  of  Philadelphia,  is  59'  36'''.8.  The  moon's  parallax  in 
right  ascension  for  this  case  was  computed  in  Ex,  1,  page  189, 
and  found  to  be  44'  17'M.  The  parallax  in  decUnation  was 
computed  in  Ex.  1,  page  194,  and  found  to  be  26'  10".l.  The 
moon's  true  semi-diameter  is  16'  16".0.  The  augmentation  was 
computed  in  Ex.  2,  page  201,  and  found  to  be  10".15.  Hence 
the  augmented  semi -diameter  is  16'  26".2=A.  Also,  m~ 
2286".2. 

The  moon's  true  declination  .  .  =24^     5'  H".6  N. 

ParaUax  in  declination =         26'  10"! 

Moon's  apparent  declination  .  .  =23°  39'     1".5 

Star's  declination =23°  36'  17".l 

<J= difference =  2'  44".4=164".4. 

Hence  A+d=1150".6 

A-cy=  821".8 

d=23o  37'  39".3 

a= apparent  difference  of  R.  A.= '- = — ^=1061".9 

COS.  a 

7r=2657".l 
a+7r=the  true  difference  of  right  ascension =3719".0 

t=^^^^a  f  ^=5856.23.= Ih.  37m.  36.28., 

which,  added  to  16h.  30m.  25.39s.,  gives  18h.  8m.  1.59s.  for  the 
Philadelphia  time  of  true  conjunction. 

So  also  for  21h.  28m.  2.97s.  Grreenwich  time,  the  moon's  equa- 
torial parallax  is  59'  41".7,  which,  reduced  to  the  latitude  of 
Hudson,  is  59'  36".5.  The  moon's  parallax  in  right  ascension 
for  this  case  was  computed  in  Ex.  3,  page  190,  and  found  to  be 
45'  56".5.  The  parallax  in  declination  was  computed  in  Ex.  3, 
page  195,  and  found  to  be  29'  17".9.  The  augmentation  of  the 
moon's  semi-diameter  was  computed  in  Ex.  4,  page  201,  and 
found  to  be  8".9.  Hence  the  augmented  semi-diameter,  is  16' 
24".9 = A.    Also,  m = 2286'M. 

The  moon's  true  declination =24°     4'  41".7 

Parallax  in  declination =         29'  17".9 

Moon's  apparent  declination =23°  35'  23".8 

Star's  declination =23°  36'  17".l 

d=difference =  53".3 
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Heno6  A +d=  1038^^2 

rf=23o  35^  5(y'A 

a=rappaTeQt  difference  of  R.  A.  = — ; — 1-= 1073^''2. 

'^'^  cos.  a 

jr= 2756^^5 
a +7r= the  true  difference  of  right  ascension   .  .  .  =3829'''.7 

^=?§?|^|^=6030.88.  =  lh.  40m.  30.8s., 
22oo.l 

which,  added  to  16h.  2ni.  21.67s.,  gives  17h.  42ra.  62.47s.  for  the 

Hudson  time  of  true  conjunction. 

Subtracting  the  Hudson  time  of  true  conjunction  from  the 

Philadelphia  time,  we  obtain  25m.  9.1s.,  which  is,  therefore,  the 

difference  of  longitude  of  the  two  places,  as  determined  by  these 

observations. 


Section  V. 


LONGITUDE  DETERMINED  FROM  OCCULTATIONS  OF  STARS  BY  USINO 

« 

THE    moon's   MOTION    IN    ITS    APPARENT   ORBIT. 

(326.)  From  the  supposed  longitude  of  the  place  we  must  de-  * 
duce  the  Grreenwich  time  of  the  observation,  and  for  this  time 
iSnd  the  true  place  of  the  moon,  and  compute  its  parallax  in  right 
ascension  and  declination,  from  which  we  derive  the  moon's  ap- 
parent place.  Subtracting  the  place  of  the  moon  from  that  of 
the  occulted  star,  we  obtain  the  apparent  distance  of  the  star 
from  the  moon's  centre.  If  this  distance  is  equal  to  the  moon's 
semi-diameter,  augmented  for  its  apparent  altitude,  the  assumed 
'  longitude  is  correct ;  but  if  these  quantities  are  not  equal,  the 
assumed  longitude  is  erroneous,  and  the  correction  of  the  longi- 
tude may  be  obtained  according  to  the  principles  of  Section  IH. 
of  Chapter  XL 

It  is  here  supposed  that  the  places  of  the  moon  given  in  the 
Nautical  Almanac  are  perfectly  correct.  In  order  that  the  longi* 
tude  may  be  obtained  with  the  greatest  accuracy,  the  correc- 
tions of  the  tables  should  be  deduced  from  observations  at  some 
place  whose  longitude  is  well  known,  and  these  corrections  should 
be  applied  to  the  tabular  places  before  computing  the  distance, 
between  the  moon  and  star. 
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Example.  The  immersion  of  a  Tauri  was  ol)served  at  Gam« 
bridge,  January  23, 1850,  at  7h.  14m.  39.058.  mean  time ;  the 
emersion  at  8h.  29m.  50.25s.  mean  time.  Beqnired  the  longi- 
tude of  Cambridge  from  Greenwich. 

Assuming  the  longitude  of  Cambridge  from  Crreenwioh  to  be 
4h.  44m.  30s.,  the  corresponding  Greenwich  times  of  immersion 
and  emersion  will  be  llh.  59m.  9.05s.,  and  13h.  14m.  20.25s. 
For  these  times  we  find  the  right  ascension  and  dechnation  of 
the  moon  from  the  Nautical  Almanac,  and  apply  the  corrections 
found  on  page  340.  At  the  time  of  immersion,  the  moon's  hour 
angle  was  14^  46^  11^^.85  E. ;  its  horizontal  parallax,  reduced 
to  the  latitude  of  Cambridge,  was  59^  44^^.6 ;  and  its  semi-diam- 
eter, augmented  for  altitude,  16^  33^^.4.  At  the  time  of  emer- 
sion, the  hour  angle  was  3°  18^  12^^.95  W. ;  its  reduced  hori- 
zontal parallax,  59^  47^''.0 ;  and  its  augmented  semi-diameter, 
1&  34'^.6.     Hence  we  obtain  the  following  results : 


For  Immersion.            | 

For  Emersion.             | 

Moon*8  trae  place 

Correction  to  do 

Moon*8  parallax 

Moon*8  apparent  place  . . . 
Starve  place 

R.  A. 
k.  m.      9, 
4  25  34.12 
-0.52 
47.70 

Dec. 

16  29  58.5  N. 
-2.C 
26  43.5 

R.  A. 

A.    fFI.         9, 

4  28  40.02 

-0.52 

10.80 

Dec. 

16  38    5.3  N. 
-2.3 
26  13.2 

4  26  21.30 
4  27  19.54 

16    3  12.7 
16  12    8.4 

4  28  28.70 
4  27  19.54 

1     9.16 
996.2 

16  11  49.8 
16  12    3.4 

Difierence 

58.24 
839.5 

8  50.7 
530.2 

13.6 
12.9 

Reduced  to  seconds  of  arc . 

The  hourly  motion  in  right  ascension  is  1464''''.9,  and  in  dec- 
lination 412".8. 

Hence,  in  the  triangle  HMM''  (see  fig.  next  page), 
1464".9 :  412".8 ::  1 :  tang.  HMM'=15o  44'  16".2, 
cos.  HMM' :  1 ::  1464".9 :  MM'= 1621".97, 
which  is  the  hourly  motion  in  orbit. 

In  the  triangle  DSM, 

530".2 :  839".5 :;  1 :  tang.  DSM = 67o  43'  33"5, 
sin.  DSM :  839".5 ::  1 :  SM=992".94. 
Hence  MSC = 73"  27'  49"  .4, 

1 :  992".94 ::  cos.  MSC :  SC =282".6, 
SB=993".4 :  282".6 ::  1 :  ooa  BSC=73o  28'  17".8. 
Hence  BSM=28".4, 

sin.  SBM :  992".94 ::  sin.  BSM :  BM=0".48. 
The  time  of  describing  BM= 1.14s.,  which  is  the  ooneotioD 
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to  the  assumed  longitade,  as  deduced  from  the  observed  im- 
mersion. 


12^^9:996^^2::  1  :tang.  DSM^=89o  15/  29^^2, 
sin.  DSM^:996^^2::1:SM'=996^^31. 
Hence  M^SC = 73^^  31^  13^^0, 

994^^6 :  282^^6 : :  1 :  cos.  ESC  =  73^^  29^  3r^7. 
Hence  ESM^=r4r^3, 

sin.  SEM' :  996^^31 ::  sin.  ESM'' :  EM'= V^72. 
The  time  of  describing  EM''=4.07s.,  which  is  the  correction 
to  the  assumed  longitude,  as  deduced  from  the  observed  emer- 
sion. 

Hence  the  longitude  of  Cambridge,  derived  from  the  observed 
Immersion,  is  .  .  4h.44m.  30s.  t- 1.14s. =4h.  44m.  28.868. 
Emersion,  is.  .  .  4h. 44m.  30s.— 4.07s. =4h. 44m.  25.93s. 

The  mean  of  the  two  results  is 4h.  44m.  27.40s. 

In  a  similar  manner,  we  may  determine  the  longitude  from  a 
solar  eclipse. 


Section  VL 

bessel's  method  of  computing  the  longitude  of  a  place,  and 
the  error  of  the  tables,  from  observations  of  a  solar 


ECLIPSE. 


(327.)  We  obtain  directly  from  observation  either  the  sidereal 
time  or  the  apparent  solar  time  of  the  different  phases  of  an 
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eclipse ;  bnt  to  deduce  the  corresponding  mean  time  requires  at 
least  an  approximate  knowledge  of  the  longitude  of  the  place. 
We  may,  however,  generally  assume  that  the  longitude  is  known 
with  sufficient  precision  to  enable  us,  without  material  error,  to 
deduce  the  mean  time  from  the  known  sidereal  time,  or  apparent 
solar  time.  We  shall,  therefore,  suppose  that  both  the  sidereal 
time  and  the  mean  time  of  the  phases  of  an  eclipse  are  known, 
and  also  the  latitude  of  the  place  of  observation. 

(328.)  The  general  elements  of  the  eclipse  in  question.  A,  D, 
t,  /,  Xy  p,  and  z^  must  be  computed  from  hour  to  hour  for  the 
mean  time  of  the  meridian  of  the  ep>hemeris,  and  these  hours 
must  be  so  selected  as  to  comprehend  the  entire  duration  of  the 
eclipse.  The  formulas  for  these  quantifies  have  been  given  on 
page  277. 

The  values  of  A,  D,  and  i  change  but  slowly,  and  we  may  as- 
sume them  to  be  pretty  accurately  known  for  the  time  of  ob- 
servation ;  for  i  is  extremely  small,  while  A  and  D  depend  chiefly 
upon  the  place  of  the  sun,  which  the  tables  furnish  with  tolera- 
ble precision.  Indeed,  this  assumption  is  a  necessary  one,  for 
it  is  impossible  from  the  observations  of  an  eclipse  to  detect  any 
error  which  may  exist  in  these  values.  The  errors,  however, 
existing  in  the  assumed  values  of  x,  pj  and  /  may  be  determined 
with  great  accuracy ;  and  we  shall  therefore  substitute  for  these 
quantities  the  expressions  x+Ax,  y+Ay,  /+A/,  where  Ax,  Ay, 
and  A/  represent  the  errors  of  x,  y,  and  /,  of  which  we  are  in 
search.     Equation  (5),  page  267,  accordingly  becomes 

(329.)  Let  now  the  values  of  a,  <5,  tt,  a%  6%  and  tt',  be  taken 
from  the  ephemeris  for  the  time  T  of  the  first  meridian.  Let 
T+ T^  represent  the  required  time  of  the  first  meridian  at  which 
a  phase  of  an  eclipse  was  observed.  Let  Xq  and  t/o  denote  the 
values  of  x  and  p  for  the  time  T,  and  a/  and  y^  the  hourly  varia- 
tions of  X  and  y;  then  we  shall  have 

x^Xo+a/T,  and  y=yo+y"I'> 

We  may,  in  the  same  manner,  consider  ^,  ?/,  and  i  as  also  com- 
posed of  two  parts.  Since,  however,  these  magnitudes  change 
but  slowly,  and  we  generally  have  an  approximate  knowledge 
of  the  difference  of  longitude,  and  consequently  the  time  of  the 
first  meridian  corresponding  to  the  time  of  observation,  we  may 
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assume  these  quantities  as  known  for  this  time.     The  preoeding 
equation  therefore  becomes 

(330.)  If  the  Tariations  of  x  and  y  were  proportional  to  the 
time,  of  and  y^  would  be  constant,  and  the  knowledge  of  the 
time  T+ T""  would  not  be  necessary  for  computing  them.  This, 
however,  is  not  the  case ;  but  since  the  variations  of  x^  and  j^ 
are  small  in  comparison  with  those  of  x  and  y^  the  above  equa- 
tion may  be  solved  by  successive  approximations^  which  rapidly 
converge  to  the  truth. 
Let  us  assume 

m  sin.  M^Xo— f,  n  sin.  H^xf^ 

m  COS.  M=yo— ^>  »  cos.  N=y', 

Z-t<=L, 
the  preoeding  equation  will  become 

(L+A/)^=(»  sin.  Tt+nT'  sin.  N+Ax)* 
+  {m  COS.  M+«T^  COS.  N+i3ky)^ 

Substitute  for  L  its  value 'A -,  and  expand  the  sec- 

sm.  ijf  "^ 

ond  member  of  this  equation,  remembering  that  m^  sin.^  M+m' 
COS.'  M=»i*,  we  obtain 

/m  sin.  (M-N)^    A«^^3^g^^^,  ^  (M-N)+n'T^ 

\       sm.  V»  /    . 

+2Aa:(»i  sin.  M+«T'  sm.  N)+(Aa:)% 

+2Ay(iii  COS.  M+nT^  cos.  N)+(Ay)% 

=  {nT+m  COS.  (M-N)+ Arc  sin.  N+ Ay  cos.  NJS 

+  {m  siii.  (M— N)  +  Axcos.  N— Ay  sin.N}*. 

Let  us  put        nA=:  Ax  sin.  N+Ay  cos.  N, 

nA^=— Ax  COS.  N+Ay  sin.  N, 

and  we  shall  have 

j"*^.<",~^^+A/r={»T-+m  008.  (M-N)+nA}« 
(        sm.  ^  ) 

+  {«»8iii.  (M-N)-nA,'}», 
{»T'+i»  008.  (M-N)+»A.}»=  j-T^^sin.  (M-N)+A/r 

-  {«»  sin.  (M-N)-#a'}» 
-»» sin.*  (M-N)+2»i»A'  sin.  (M-N) 


or 


Longitude.  335 

=L2  COS.*  V+2LA/+2LnA^'8in.  V', 
where  we  have  neglected  the  small  tenna  ^P  and  fi?X^. 

Extraotmg  the  square  root,  and  neglecting  the  higher  powers 
of  ^l  and  nX^j  we  have 

i»T^+w  COS.  (M—N)+«A=  :t=  {L  008.-0+ A/ sec.  V'+nA^  tang. -0}, 
or 

T^= COS.  (M— N)=F ^— AipA^tang.  -0=^ — sec.  -0, 

n  n  1% 

ff 

or     T^= .- — —.^^—, — ^— AqpA^tang. -0:?:—  sec.  t/^. 

n  sin.  0  « 

(331.)  Since  now  the  time  of  immersion  is  always  earlier  than 
that  of  emersion,  T^,  for  an  immersion,  must  have  a  less  positive 
value,  or  a  greater  negative  value,  than  for  emersion.  Hence, 
if  we  always  take  the  angle  ^  either  in  the  first  or  fourth  quad- 
rant, the  upper  sign  belongs  to  an  immersion,  the  lower  to  an 
emersion.  If,  however,  for  an  immersion  we  take  ^  in  the  first 
or  fourth  quadrant,  but  for  an  emersion  in  the  second  or  third 
quadrant,  we  shall  have  in  either  case, 

n  sm.  0  n 

or 

iy=-^  COS.  (M-N)-i^^??l^^A-A'tang.  tp—seo.rb.  (1) 
u  n  n 

In  the  case  of  annular  eclipses,  at  the  internal  contact  the 
emersion  precedes  the  immersion.  We  must,  therefore,  in  this 
case,  for  the  immersion,  take  ^  in  the  second  or  third  quadrant, 
and  for  the  emersion  in  the  first  or  fourth. 

(332.)  Equation  (1)  may  be  solved  by  successive  approxima- 
tions. We  must,  for  this  purpose,  compute  the  values  of  x,  ^,  z, 
A,  D,  g*,  /,  and  t,  for  several  successive  hours,  so  that  the  values 
of  Xo  and  Poy  as  well  as  their  hourly  variations,  can  be  found 
for  any  time  by  interpolation.  We  then  assume  a  time,  T,  as 
accurate  as  the  provisional  knowledge  of  the  difference  of  longi- 
tude will  permit,  and  interpolate  for  this  time  the  quantities  Xq^ 
Poj  xf^  aQd  ^,  and  thence  find,  by  formula  (1),  an  approximate 
value  of  T^  With  the  value  T+T",  we  repeat,  if  necessary, 
the  preceding  computation.  Represent  by  T  the  value  assumed 
in  the  last  approximation,  and  the  correction  obtained  by  T^; 
then  T+T^=^—6),  where  ^  is  the  time  of  observation,  and  6)  the 
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east  longitade  of  the  station  from  the  first  meridian,  by  which 
we  understand  that  meridian  whose  time  is  employed  in  the 
computation  of  Xj  y^  z^  etc. 
We  therefore  have 

«i)=^— TH — cos.  (M— N)H —  COS.  V'+^+^^tang.  ^H —  sec. -0 
n  u  n 

=t-T+"^"'°-  <^-^+^>+A+A- tang. V,+^^  sec.  V>  .  .  (2) 

n  sm.  ^  n 

(333.)  Since  the  mean  solar  hour  has  been  employed  as  the 
unit  in  the  values  of  of  and  y^,  the  preceding  formula  supposes 
the  same  unit  of  time  for  o.  If  we  wish  to  obtain  the  differ- 
ence of  longitude  in  seconds  of  time,  we  must  multiply  the  form- 
ula by  5,  the  number  of  seconds  belonging  to  an  hour  of  that 
species  of  time  in  which  the  observation  is  expressed ;  ^•— T  will 
then  be  expressed  in  seconds  of  the  same  kind  of  time  in  which 
t  is  given ;  or  T  represents  the  same  kind  of  time  with  t. 

Equation  (2)  does  not  properly  furnish  the  difference  of  longi- 
tude of  the  place  of  observation  from  the  first  meridian,  but 
rather  the  relation  between  this  quantity  and  the  errors  of  the 
elements  employed.  If  the  same  eclipse  has  been  observed  at 
different  places,  we  may  obtain  for  each  place  as  many  such 
equations  as  there  are  instants  of  observation.  By  combining 
these  equations,  we  may  eliminate,  as  will  be  seen  hereafter,  the 
error  of  one  or  more  of  the  elements  of  computation,  and  thus 
render  the  result,  as  far  as  possible,  independent  of  the  error  of 
the  tables. 

(334.)  We  must  now  develop  the  quantities  X  and  X\  which 
are  determined  by  the  equations 

nX  =sin.  Nax+cos.  NAy, 
«A'=sin.  N Ay— COS.  NAa;. 

The  quantities  x  and  y,  as  will  be  seen  from  the  equations  on 
page  271,  depend  upon  a— A,  d—D,  and  tt.  If  we  assume  these 
magnitudes  to  require  correction,  we  shall  have 

Aa;=a  A(a— A)+6  A((J— D)+c  Att, 
Ay=a'A(a-.A)+6''A(cJ-D)+c'A7r, 
where  a,  6,  c  are  the  differential  coefficients  of  2;  in  respect  to 
a— A,  d— D,  and  tt;  while  a',  b\  and  &  are  the  same  differen- 
tial coefficients  of  y.    Since  A(d— A),  A(d— D),  and  Att  are  very 
small  quantities,  in  the  expressions  for  the  difierential  coeffi- 
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oients  we  may  neglect  the  terms  which  contain  sin.  (a— A)  and 
sin.  (()— D)  as  factors,  and  assume  cos.  (a— A)  and  cos.  (6— D) 
as  equal  to  unity.  We  thus  obtain,  by  differentiating  the  val- 
ues of  X  and  y  on  page  271, 

COS.  6         .       .  V     COS.  6 

a=-: COS.  (a— A)=-: , 

sm.  TT  sm.7r 

.  _^sin.  6  sin.  (a— A)__^ 
sin.  TT  ' 

__     COS.  (5  sin.  (a— A)  cos.  7r_  x 

sin.*  TT  tang,  tt' 

,_cos.  6  sin.  D  sin.  (a— A)__^ 

sm.  TT 


^__cos.  (<5~D)_    1 


c'=- 


Sm.  TT  sm.  TT 


tang.  TT 

(335.)  Since  now  X  and  A^  a^  also  A(a— A),  A(<5— D),  and  Att 
are  expressed  in  parts  of  radius,  if  we  wish  to  obtain  the  errors 
of  the  elements  in  seconds,  these  differential  coefficients  must  be 
divided  by  206265.     Let  us,  then,  put 

206265. n  sin.  tt' 
and  we  shall  have 

A  =A  sin.  N  COS.  dA(a— A)  +  A  cos.  Na(<J— D) 
—A  COS.  7rA7r[a;  sin.  N+y  cos.  N], 

A^=  -A  COS.  N  COS.  dA(a-A)+A  sin.  NA(d— D) 
+A  COS.  7rA7r[a;  cos.  N— y  sin.  N]. 

If  we  multiply  the  former  equation  by  cos.  V^,  and  the  latter 
by  sin.  i/^,  then  add  the  two  equations  together,  and  divide  by  A, 
we  shall  obtain 

[A+A'  tang.  V»]  ?^-^=sin.  (N-V^)  cos.  dA(a-A) 

+COS.  (N-V')M^-D) 
—COS.  7rA7r[a;  sin.  (N— i/»)+y  cos.  (N— '0)]. 

Hence  we  obtain  from  equation  (2),  page  326, 
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n  sin.  xf)  COS.  t/^ 

^^0O8.(N-V,) 
COS.  -0 

,  h .  206265  sin.  ttA/ 

H ; 

COS.  ip 

^h  COS.  ^^J^sm.(N^V,)+ycos.(N^V.n 

L  COS.  V  J 

(336.)  Every  observation  of  the  instant  of  an  eclipse  furnishes 
one  equation  of  the  preceding  form,  and  as  this  contains  five  un- 
known quantities,  five  such  equations  are  sufficient  for  their  de- 
termination. The  magnitudes  Cd  and  Att  can  not  generally  be 
determined,  unless  observations  are  made  at  places  widely  sep- 
arated from  each  other.  Nevertheless,  the  computation  of  tlie 
coefficients  will  always  show  what  influence  any  error  in  the 
values  of  TT  and  /  may  have  upon  the  result  We  therefore  gen- 
erally seek  to  free  Uie  difference  of  longitude  only  firom  the  er- 
rors of  a  and  d ;  but  the  value  of  Aa  can  not  be  determined  un- 
less we  know  the  longitude  of  one  of  the  stations  from  the  first 
meridian. 

(337.)  The  following  is  a  synopsis  of  the  preceding  results : 
Compute  the  values  of  ^,  A,  D,  and  g*,  also  the  co-ordinates 
n;,  y^  and  Zy  from  the  formulas,  page  277,  with  the  quantities 
i  and  /,  all  of  which  quantities  are  general  for  all  places  on  the 
earth. 

Compute  also  the  following  formulae : 
|=p  COS.  ^^  sin.  (/i— A), 

iy=p  sin.  0^  COS.  D—p  COS.  if/  sin.  D  cos.  (/*— A), 

^=p  sin.  if/  sin.  D+p  cos.  if/  cos.  D  cos.  (/i— A), 

where  all  the  symbols  have  the  same  signification  as  on  page 

278,  except  /x,  which  here  represents  the  observed  sidereal  time 

of  contact. 

Let  T  represent  the  approximate  time  of  the  first  meridian, 
corresponding  to  the  phase  observed. 

Let  Xq  represent  the  value  of  x  for  the  time  T ; 
yo  represent  the  value  of  y  for  the  time  T ; 
xf  represent  the  hourly  variation  oix; 
y  represent  the  hourly  variation  of  y. 
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m  sin.  M=a;o— ^> 
m  COS.  M=yo— ^> 

n  sin.  N=rc', 

n  COS.  N=y^, 

sin.  V'=Y-  sin.  (M— N). 

For  the  first  contact,  rp  must  be  taken  in  the  fiirst  or  fourth 
quadrant ;  for  the  last  contact,  in  the  second  or  third  quadrant. 
^,^_msiD.(M-N+V.)^_m^^  ,j^_^._h  cos.  V> 

n  sin.  -0  «  n 

Then 

COS.  '0 
COS.  -^ 

206265 .  n  sin.  -rr 
5 =3600= the  number  of  seconds  in  an  hour ; 
^= observed  mean  time  of  contact. 

(338.)  Example.  On  the  28th  of  July,  1851,  occurred  an 
eoUpse  of  the  sun,  which  was  observed  as  follows : 

At  Komgsberg,  Prus*ia. 

Beginning 3h.  38m.  10.8s.  Konigsberg  m.  t. 

Beginning  of  total  darkness   .  4h.  38m.  57.6s.  '' 

End  of  total  darkness   .  .  .  .  4h.  41m.  54.2s.  << 

End 5h.  38m.  32.9s.  " 

At  WashingUrn,  District  of  Columbia. 

Beginning 7h.  21m.  31.2s.  A.M.  Washington  m.  t. 

End 8h.  50m.  38.0s.  " 

It  is  required  to  determine  the  error  of  the  tables  and  the 
longitude  of  Washington. 

The  general  co-ordinates  for  this  eclipse  have  already  been 
given  on  pages  280  to  285.  Our  first  object  is  to  deduce  the 
error  of  the  tables  from  the  observations  at  Konigsberg. ' 
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Hence  we  obtain  the  following  equations  for  Konigsberg: 
a)=lh.  22m.  48.208. +1.6809  Aa-  .4118  Ad, 
w=lh.  22m.  46.97s.  + 1.7805  Aa+  .2681  A<J, 
a)=lh.  22m.  44.24s.  + 1.5677  Aa- 1.1749 Ad, 
0) = Ih.  22m.  38.64s.  + 1.6765  Aa-  .4341  A<J. 
If  we  assume  the  longitude  of  Konigsberg  equal  to  Ih.  22m. 
0.5s.9  we  shall  have 

0=47.70s.+1.6809Aa-  .4118a<5, 

0=46.47s.  + 1.7805  Aa+   .2681  Ad, 

0=43.74s.  +  1.5677Aa-1.1749Ad, 

0=38.14s.  + 1.6765  Aa-  .4341  A<5. 

These  equations  should  be  solved  by  the  method  of  least 

squares,  explained  in  Art.  239.     Multiplying  each  equation  by 

the  coefficient  of  Aa  in  that  equation,  and  taking  the  sum  of  all 

these  products,  we  obtain 

0=295.4297+11.2638  Aa-2.7844  Ad. 
Multiplying  each  equation  by  the  coefficient  of  Ad  in  that 
equation,  emd  taking  the  sum  of  all  these  products,  we  obtain 
0=  -75.1291-2.7844  Aa+1.8102  Ad. 
Solving  these  equations  in  the  usual  manner,  we  find 

Ad=  + 1^^.87 =error  in  decUnucion, 
COS.  dAa=- 25^77, 
or  the  error  in  right  ascension  =  —  27^^26. 

Aa  in  the  above  equations  is  used,  for  the  sake  of  brevity,  in 
place  of  COS.  dAa.  The  error  in  right  ascension  is  multiplied  by 
COS.  d,  to  reduce  it  to  an  arc  of  a  great  circle. 

Computation  for  Washington. 


Assume  T 

ft— A 

D 

p  cos.  (f/ 

sin.  (/i— A) 

•    log.  f 


Beginuing. 


7h.  21m.  31.2s.  m.  t 
3h.  43m.  49.358.  s.  t 
55°  67'  20".2 
^'=38°  42'  24".7 

0.5h. 

-710  10/  8".2 
19°  4'59".7 
9.8917227 
9.9761089» 
9.8678316» 
-.737618 


Sad. 


8h.  50m.  S8.0s.  m.  t. 
5h.  13m.  10.79s.  s.  t. 
780  17/  41//.8 

!(%.  p= 9.9994302 
2.0h. 
-48°  53'  20".0 

190  4'  g^.o 

9.8917227 
9.8770463« 
9.7687690n 
-.587177 
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Beginning. 

End. 

p  sin.  <l/ 

9.7955437 

9.7955437 

COS.  I) 

9.9754523 

9.9754892 

log.  (1) 

9.7709960 

9.7710329 

poos.  <f/ 

9.8917227 

9.8917227 

sin.  D 

9.5144703 

9.5141616 

COS.  (ft— A) 

9.5089050 

9.8179099 

log.  (2) 

8.9150980 

9.2237941 

(1) 

+.590196 

+.590246 

(2) 

+.082243 

+.167415 

(l)-(2)=., 

+.507953 

+  .422831 

p  sin.  <ft' 

9.7955437 

9.7956437 

sin.  D 

9.6144703 

9.6141616 

log-  (3) 

9.3100140 

9.3097052 

poos.  ^"^ 

9.8917227 

9.8917227 

DOS.  D 

9.9754523 

9.9764892 

oos.  (f(— A) 

9.5089050 

9.8179099 

log.  (4) 

9.3760800 

9.6851218 

(3) 

+.204180 

+.204036 

(4) 

+.237728 

+  .484308 

(3)+(4)=f 

+.441908 

+.688343 

log.? 

9.6453318 

9.8378049 

.  log. » 

7.6632448 

7.6632477 

log.  »•< 

7.3085766 

7.5010626 

/ 

.534242 

.534181 

»? 

.002035 

.003170 

/-»V=L 

.532207 

.631011 

Xo 

-1.054066 

-0.199758 

1 

-0.737618 

-0.587177 

«o-l 

-0.316438 

+0.387419 

^o 

+0.927049 

+0.802116 

»J 

+0.607963 

+0.422831 

Vo-V 

+0.419096 

+0.379286 

log.  (Xo-f) 

9.5002887n 

9.5881809 

log.  (yo-i) 

9.6223136 

9.6789657 

tang.  M 

.  9.8779752« 

0.0092162 

^0 

M 

322°  56'  43".6 

45°  36^  28".2 

sin.  M 

9.7800115» 

9.8640438 

191 

9.7202772 

9.7341371 
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Beginning. 

End. 

3f 

+.669487 

+.569544 

y 

-.083015 

-.083555 

log.z' 

9.7554838 

9.7555272 

log.y' 

8.919l566n 

8.9219724« 

tang.  N 

0.8363272» 

0.8335648» 

N 

98°  17'  37".2 

98°  20'  45".8 

sin.  N 

9.9954341 

9.9953761 

» 

9.7600497 

9.7601511 

M-N 

224°  39'  6".3 

307°  16'  42  ".4 

Kin.  (M-N) 

9.8468292» 

9.9008463n 

m 

9.7202772 

9.7341371 

oomp.  L 

0.2739194 

0.2748965 

sin.  V* 

9.8410258» 

9.9098799» 

V- 

816°    5'41".3 

2340  21'    4".7 

M-N+V> 

180°  44'  47".6 

181°  36'  47".l 

Hin.  (M-N+V) 

8.1149272« 

8.4494768» 

m 

9.7202772 

9.7341371 

oomp. » 

0.2399503 

0.2398489 

cosec.  '^ 

0.1689742« 

0.0901201n- 

«=3600 

3.6563025 

3.5563025 

log.T^ 

1.7904314 

2.0698854 

rp/ 

-61.72s. 

-117.46s. 

^-T-r 

-6h.  7m.  27.08s. 

-5h.  7m.  24.54s. 

N^V^ 

142°  11'  55".9 

223°  69'  41".l 

5=8600 

3.5563025 

3.6663025 

oomp.  206265 

4.6855749 

4.6866749 

oomp.  n 

0.2399503 

0.2398489 

ooseo.  TT 

1.7547617 

1.7646655 

A 

0.2365894 

0.2362918 

sin.  (N— V^) 

9.7874058 

9.8417300m 

860.  '0 

0.1423731 

0.2344702» 

0.1663683 

0.3124920 

ooeflSioieDt  of  oos.  dAa 

+1.4668 

+2.0636 

A 

0.2365894 

0.2362918 

oos.  (N-V') 

9.8977056» 

9.8669725« 

860.  '0 

0.1423731 

0.2344702n 

0.2766681n 

0.3277345 

Goeffioient  of  Ad 

-1.8909 

+2.1268 

Henco  we   obtain   the   following   equations   for  Washingo 
ton: 

w=-5h.  7m.  27.088. +1.4668Aa- 1.8909a*, 
6)=-SIl  7m.  24.54s. +2.0d35Aa+2.1268A(). 
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Employing  the  values  of  oos.  6^a  and  Ad,  found  on  page  334, 
we  obtain 
«=  - 5h.  7m.  27.08s. - 37.79s.  - 3.54s.  =  -  6h.  8m.    8.418. 
«=-6h.  7m.  24.648. - 62.91s. + 3.98s.  =  -6h.  8m.  13.47s. 

The  mean  of  the  two  results  is 

6)=— 6h.  8m.  10.94s.9 
which  is  the  longitude  of  Washington  from  G-reenwich,  aooord- 
ing  to  the  observations  of  the  solar  eclipse  of  July  28,  1861. 


Section  VII. 


bessel's  method  of  computing  the  longitude  of  a  place  and 
the  errqr  of  the  tables  from  an  observed  occultation. 

(339.)  The  formulas  of  the  preceding  section  are  applicable  to 
an  ocGultation  of  a  fixed  star,  with  the  modifications  indicated 
in  Art.  296.  The  computation  of  e,  A,  D,  g*,  i,  and  /  is  dis- 
pensed with,  as  also  z  and  (.  We  must  compute  the  values  of 
X  and  p  firom  the  formulse 

__co8.  d  sin.  (a— A) 

X — -. 1 

sm.  n 

sin.  ((5~D)  cos.^  ^(a-A)+8in.  (c^+D)  sm.^  ^(a-A) 

sm.  n 

Also  the  values  of  ^  and  17  from  the  formulee 
f =p  COS.  <t/  sin.  (j[t— A), 

^=p  sin.  ^'  COS.  D— p  COS.  tf/  sin.  D  cos.  (fi— A), 
where  fi  represents  the  observed  sidereal  time  of  immersion  or 
emersion. 

Let  T  represent  the  approximate  time  of  the  first  meridian, 
corresponding  to  the  phase  observed. 

Let  Xq  represent  the  value  of  x  for  the  time  T ; 
Po  represent  the  value  of  y  for  the  time  T ; 
a/  represent  the  hourly  variation  of  x  ; 
j^  represent  the  hourly  variation  of  jf. 

w  sin.  M=a;o— f) 

m  oos.  M=yo— ^1 
nsin.  Nrra/, 
n  008.  N=y', 
Y 
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sin.  ^^=-7;  sin.  (M— N), 

log.  A:=9.4353665. 
For  immersion,  ^  must  be  taken  in  the  first  or  fourth  quad* 
rant ;  for  emersion,  in  the  second  or  third  quadrant. 

^,^    m8in.(M-N+V.)_     m^  /M-N)-*^-^ 
n  sin.  ^  n  n 

Then 

-      m      m/  .   r  siu.  (N  — V)  >a      i   l<50S.  (N  — V')^  . 

COS.  V'  COS.  ^ 

'•""  *=206265'«8in.Tr' 

5=3600=the  number  of  seconds  in  an  hour ; 
^=the  observed  mean  time  of  immersion  or  emersion. 
(340.)  Example.  On  the  23d  of  January,  1850,  the  occulta- 
tion  of  a  Tauri  was  observed  as  follows : 

At  Greenwich,  EngUvad. 

Immersion 13h.  32m.  38.66s.  Greenwich  m.  t. 

Emersion 14h.    Im.  24.52s.  " 

At  Cambridge,  Mas»aehu$eU». 

Immersion 7h.  14m.  39.05s.  Cambridge  m.  t 

Emersion 8h.  29m.  50.25s.  << 

It  is  required  to  determine  the  longitude  of  Cambridge  firom 
Greenwich. 

We  will  first  determine  the  error  of  the  tables  according  to  the 
Greenwich  observations.  The  co-ordinates  x  and  y  have  already 
been  given  on  page  294. 

Computation  for  Greenwich, 
0'=5lo  IT  24'^6. 


Immeraion. 

Emcnloii. 

hm              M.                         9, 

*•      9fi<        #• 

t 

13  32  38.66  m.  t. 

14    1  24.52  m.  t. 

/» 

9  44  43.78  a.  t 

10  13  34.37  8.  t 

A 

4  27  19.54 

4  27  19.64 

f»-A 

5  17  24.24 

5  46  14.83 

In  arc 

790  21'  3".6 

86°  33'  42".45 

«o 

.503232 

.787997 

Vo 

.467948 

.519616 

Sf 

.593999 

.593978 

W 

.107785 

.107762 
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ImmeraioD. 


EineTBloii. 


P 
GOS.  ij/ 

sin.  (ji—A) 
log.  ? 

P 
sin.  ^'^ 

008.  D 

Iog.(l) 

pcos.  ^^ 

sin.  D 

008.  (/i— A) 

log.  (2) 

(1) 

(2) 

(l)-(2)=, 

log-  («o-l) 

log.  (yo-l) 
tang.  M 

M 

an.  It 

m 
log.  x' 

log.jT 
tang.  N 

N 
ain.  N 

n 

M-N 

on.  (M-N) 

i» 

oomp.  k 

sin.^ 

M-N+V 

nn.  (M-N+V>) 

m 

oomp.  n 

ooaec.  V* 

s=3600 

log.T' 

ay 


9.9991134 
9.7961416 
9.9924552 
9.7877102 

.613353 

9.9991134 
9.8922744 
9.9824020 
9.8737898 
9.7962650 
9.4456150 
9.2666830 
8.6075530 

.747807 

.032178 

.715629 

.110121 

547681 

9.0418701« 
9.3938927n 
9.6479774 

203°  58'  13".2 
9.6088078» 
9.4330623 
9.7737867 
9.0325583 
0.7412274 

790  42'  64".8 
9.9929663 
9.7808204 

1240  15'  18".4 
9.9172630 
9.4330623 
0.6646336 
9.9149588 
550  18'  7".2 

I790  33'  25".6 
7.8881678 
9.4330623 
0.2191796 
0.0860412 
3.5563026 
1.1817534 

16.20a. 


9.9991134 
9.7961416 
9.9992176 
9.7944726 
.622978 


9.7952560 
9.4456150 
8.7779489 
8.0188189 
.747807 
.010443 
.737364 
+.166019 
-.217748 

9.2176340 
9.3379542» 
9.8795798« 
1420  50/  36/'.8 
9.7810323 
9.4366017 
9.7737703 
9.0324666 
0.7413047 
790  43'  1".2 
9.9929678 
9.7808026 
630  7'  35".6 
9.9503684 
9.4365017 
0.5646336 
9.9516036 
116°  34'  33".5 
179°  42'  9".l 
7.7163218 
9.4365017 
0.2191976 
0.0484964 
3.6563026 
0.9768199 
-9.468. 
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Imroeraion. 

Eineraion. 

N-V 

24°  24'  47".6 

-36°  51'  32".3 

5=3600 

3.5563025 

3.5563025 

comp.  206265 

4.6855749 

4.6855749 

oomp.  n 

05191796 

0.2191975 

coeec. n 

1.7589910 

1.7588792 

h 

0.2200480 

0.2199541 

tan.  (N— V') 

9.6162807 

9.7780408« 

860.  ^b 

0.2446963 

0.3493195a 

0.0810250 

0.3473144 

ooef&oient  of  oos.  dAa 

+  1.2051 

+2.2249 

A 

0.2200480 

0.2199541 

006.  (N— 0) 

9.9593220 

9.9031521 

SCO.  ^ 

0.2446963 

0.3493195» 

U4240663 

0.4724257» 

ooeffioient  of  A<5 

+2.6560 

-2.9677 

Henoe  we  have  the  two  equations, 

0= 15.20+ 1.205lAa+2.6560A<J, 
0=  9.46+2.2249Aa-2.9677A<J. 

From  whioh  we  obtain 

006.  <JAa=-.7^'.405, 
A<J=  -2"^364. 


Computation  for  CamlHidge. 


Immersion. 

Emcnioii. 

t 

A 
u-A 
Inaio 

7  U  39^05  m.  t 

3  26  28.81  8.  t 

4  27  19.54 
-1    0  50.73 

-15oi2'40".95 

8  29  50.25  m.  t 
4  41  52.36  8.  t. 
4  27  19.54 
14  32.82 
3°  38'  12".3 

Aasame  T 

12h. 

13.25h. 

Xo 

Sfo 

y 

poos.  ^' 

nn.O»— A) 

log.| 

-.413936 

+.301478 

+.593945 

+  .107833 

9.8691208 

9.4189320» 

9.2880528tt 

-.194112 

+.328553 

+.436250 

+  .593997 

+.107795 

9.8691208 
8.8022991 
8.6714199 

+.046927 
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Immersion. 

Ementon. 

p  sin.  0^ 

9.8264413 

COS.  D 

9.9824020 

- 

log.  (1) 

9.8088432 

poos.  <b' 

9.8691208 

9.8691208 

sin.  D 

9.4456150 

9.4456150 

008.  (/A— A) 

9.9845113 

9.9991246 

log.  (2) 

9.2992471 

9.3138604 

(1) 

+.643937 

+.643937 

(2) 

+.199181 

+J305997 

(l)-(2)=^ 

+.444756 

+;437940 

XoS 

-.219824 

+581626 

Vo-n 

—143278 

-.001690 

log.  (Xo-l) 

9.342()751n 

9.4496727 

Jog.  (vo—n) 

9.1561795« 

7.2278867* 

tan^.  M 

0.1858956 

2.221786011 

M 

236°  64'  15".5 

900  20'  37".8 

sin.  M 

9.9231195» 

9.9999922 

m 

9.4189556 

•  9.4496805 

\og.xf 

9.7737463 

9.7737842 

log.  y' 

9.0327517 

9.0325986 

tang.  N 

0.7409946 

0.7411856 

N 

790  42'  35".3 

790  42'  51".3 

nin.  N 

9.9929578 

9.9929640 

n 

9.7807885 

9.7808202 

M-N 

157°  11'  40''.2 

10°  37'  46".5 

Bin.  (M-N) 

9.5883883 

9.2658996 

m 

9.4189556 

9.4496806 

oomp.  k 

0.5646335 

0.5646335 

sin.^ 

9.5719774 

9.2802136 

v- 

21°  64'  54  ".0 

169°    0'35".6 

M-N+^ 

1790    6'34''.2 

179°  38'  22".l 

sin.  (M-N+V) 

8.1914938 

7.7988132 

m 

9.4189656 

9.4496806 

oomp. » 

0.2192115 

0.2191798 

00860.  '0 

0.4280226 

0.7197865 

5=3600 

3.5563025 

3.5663025 

log.T' 

1.8139860 

1.7437625 

C7 

-65.169. 

-56.438. 

«=^-T-T' 

-4h.  44m.  15.798. 

-4h.  44m.  14.328. 

N-V' 

570  47/  4i'/.3 

-89*  17'  44".3 

5=3600 

3.5663025 

3.6663025 

oomp.  206265 

4.6865749 

4.6865749 

oomp.  n 

0.2192115 

0.2191798 

ooseo.  n 

1.7593527 

1 

1.7690595 
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Inunenlou. 

Enenion. 

h 

0J2204416 

0.2201167 

sin.  (N— V>) 

9.9274447 

9.9999672n 

seo.  %b 

0.0325744 

0.0080389» 

0.1804607 

0.2281228 

jeffioient  of  oos.  dAa 

+1.5162 

+  1.6909 

h 

0.2204416 

0.2201167 

COS.  (N— V) 

9.7266889 

8.0896618 

seo.  rb 

0.0325744 

0.0080389i> 

9.9797049 

8.3178174« 

coefficient  of  A<5 

+.9543 

-.0208 

Hence  we  obtain  the  following  equations  for  Cambridge : 

G)=-4h.  44m.  15.79s. +  1.5152Aa+. 9543 A(J, 
0)=  -4h.  44m.  14.32s.  +  1.6909Aa- .0208A(J. 

Employing  the  values  of  Aa  and  Adj  found  on  page  340,  we 
obtain 

«=  -4h.  44m.  15.79s.-11.22s.-2.26s.=  ~4h.  44m.  29.278. 
«=-4h.  44m.  14.32s. -.12.52s.+0.05s.=  -4h.  44m.  26.798. 

The  mean  of  the  two  results  is 

a>=-4h.  44m.  28.03s., 

which  is  the  longitude  of  Cambridge  from  G-reenwich,  accord- 
ing to  the  observations  of  the  occultation  of  a  Tauri,  January 
23, 1850. 

(341.)  Ex.  2.  On  the  15th  of  April,  1850,  the  occultation  of 
a  Tauri  was  observed  as  follows : 

At  Komgahergj  Prussia. 

Inmiersion lOh.  57m.  43.7s.  Eonigsbei^  s.  t. 

Emersion llh.  47m.  47.6s.  " 

At  Cambridge,  Massachusetts. 

Immersion 2h.  Im.  52.45s.  Cambridge  m.  t. 

Emersion 3h.  Im.  38.35s.  " 

It  is  required  to  determine  the  longitude  of  Cambridge. 
According  to  the  Nautical  Almanac,  the  following  are  fho 
places  of  the  moon  necessary  for  this  computation : 
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Gnanwioh  m.  t. 

a. 

1             i- 

r. 

k. 

A«            tftm                       St 

o         *            ** 

« 

6 

4  23  45.41 

+  16  40    0.1 

68  56.22 

7 

4  26  10,13 

16  46  30.5 

58  66.87 

8 

4  28  35.06 

16  62  54.7 

58  56.60 

9 

4  31    0.20 

16  59  12.7 

58  57.12 

10 

4  33  25.53 

17    5  24.4 

68  67.72 

11 

4  35  51.06 

17  11  29.7 

58  58.32 

According  to  Mr.  Adams'  tables,  each  of  the  preceding  paral- 
laxes should  be  increased  by  5^M. 

The  position  of  a  Tanri  was 

A=4h.  27m.  18.26s.;  D  =  +  16^  12'  r^7. 
The  sidereal  time  at  Greenwich  mean  nooni  April  15,  was 

Ih.  33m.  8.96s. 
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The  following  recapitulation  of  the  formnlse  most  frequently 
used  in  an  observatory  is  added  for  convenience  of  reference. 

To  compute  the  corrections  to  he  applied  to  the  observed 
transit  of  a  star^  in  order  to  obtain  the  correct  apparent  right 
ascension.    See  page  73. 

RA         rp  I   ^^  1          ^^'  ^  •   iL    COS.  Z  ,        C 
.A.=T+dt+a. -+b. -+ 


COS.  6         COS.  6    COS.  6 

By  a  close  circumpolar  star  (see  page  69), 

a  =  jA  sec.  0  cot.  6, 

By  two  stars  differing  considerably  in  declination  (see  page 
70), 

A^  COS.  6  COS.  6^ 
a=i . 

COS.  <f>  sin.  {6^—6) 

R.  A.=the  apparent  right  ascension  required; 

T=the  observed  time  of  transit,  as  shown  by  the  dock ; 
A=the  correction  for  the  error  of  the  clock,  plus  when  the 

clock  is  too  slow ; 
2r=the  zenith  distance  of  the  star ; 
d=the  declination  of  star  observed ; 
<r=the  declination  of  the  second  star ; 
a=the  deviation  of  the  telescope  in  azimuth,  plus  when 

the  eastern  pivot  deviates  to  the  north  of  east. 
6= the  inclination  of  the  axis  of  the  telescope  (see  page  63), 

plus  when  the  west  end  of  the  axis  is  too  high ; 
c=the  error  in  collimation  (see  page  65),  plus  when  the 

mean  of  the  wires  falls  on  the  east  side  of  the  optical 

axis; 
A=the  interval  between  two  successive  transits,  minus  12 

hours ; 
A''=the  difference  of  the  observed  times,  minus  the  difference 

of  right  ascensions ; 
^=:the  latitude  of  the  place ; 
2r=0— (5,  if  the  observations  be  made  to  the  south ; 
arrrcJ—'^,'  if  to  the  north,  above  the  pole: 
3r=180^—(^+(J),  if  to  the  north,  below  the  pole. 
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To  find  the  altitudey  azimuthj  and  parallactic  angle  of  a 
star  J  its  declination  and  hour  angle  being  givenj  as  well  as 
the  latitude  of  the  place.     See  pages  108  and  110. 

tang.  y=Gos.  P  cot.  6 ; 

sin.  6  sin.  (y+0) . 
COS.  z= ^ — ^ : 

COS.  y 

'     I    .  ^\    COS.  z  COS.  y 

sin.  (y+0)= '     J,      1 

sm.  <J 

sin.  y 

COS.  0  sin.  P 
sm.  p = ?- . 

sm.  z 

A=the  azimuth  of  the  star,  counted  from  the  norili ; 

2r=the  zenith  distance  of  the  star ; 

P=the  hour  angle  of  the  star ; 

(5= the  declination  of  the  star ; 

0=the  latitude  of  the  place ; 

|?=the  parallactic  angle. 

When  only  1?  is  requiredi 

tang.  x=cos.  P  cot  0; 

sin.  X  tauff.  P 

tang,  p = y    \.  ■ 

^  ^       COS.  (a;+<5) 


To  compute  the  distance  between  two  stars  whose  right  os- 
censions  and  declinations  are  known.     See  page  111. 

cot.  B=cos.  {a—a^)  cot  6; 
COS.  (<J'— B)  sin.  6 

COS.  x  = ^— ; — =^ . 

sm.  B 

a=the  right  ascension  of  one  star ; 
4= its  declination ; 

a^=the  right  ascension  of  the  second  star; 
d^=its  declination ; 
a;=the  angular  distance  required. 
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To  compute  the  hour  angle  at  the  pole :  the  latitude  of  the 
placej  the  declination^  and  zenith  distance  of  the  sun  or  star 
being  given.    See  page  133. 

V  COS.  <t>  COS.  6 

F=the  hour  angle  at  the  pole; 
^=the  latitude  of  the  place ; 
d=the  declination  of  the  star ; 
2r=the  true  zenith  distance  of  the  star. 


To  compute  the  correction  for  the  reduction  to  the  meridian. 
See  page  142. 

_2  sin.'  JP  COS.  4>  cos.  6    (An?  ^P  cos.  0  cos.  dY  2  cot.  z 
""        sin.  V  sin.  z  \  sin.  z  )    sin.  V^ ' 

P=the  hcrar  angle  at  the  pole,  as  shown  by  a  well-regulated 

clock; 
^=the  latitude  of  the  place ; 
d=the  declination  of  the  star ; 
2r=the  meridional  zenith  distance  of  the  star ; 
a;= the  required  correction  in  seconds. 


To  compute  the  latitude  of  a  placCjfrom  observations  of  the 
pole  star  at  any  time  of  the  day.    See  page  152. 

^=H-.rf  cos.  P+ J  sin.  V  {d  sin.  P)'  tang.  H 
-i  sin.'  V  {d  COS.  P)  (rf  sin.  P)'. 

H=ihe  oheerved  altitude  of  the  star,  corrected  for  refraction ; 
<f =the  apparent  polar  distance  of  the  star,  expressed  in  seoondfl 

of  arc; 
P=the  hour  angle  of  the  star  from  the  meridian; 
^=:ihe  latitude  required. 


348  Practical  Astronomy. 

To  find  the  altitude  and  hour  angle  of  a  star  when  it  is 
upon  the  prime  vertical j  together  with  the  latitude  of  the  place. 
See  pages  113  and  157. 

COS.  P=cot.  ^  tang,  d; 

.     sin.  6 
sin.  A=-: — ; 
sm.  ^ 

COS.  A=sui.  P  COS.  6; 

sin.  6 
sin.  ^=-:^ — r-; 
sin.  A 

COS.  ^=cot.  P  cot  A. 

Prrthe  hour  angle  of  the  star  at  the  pole ; 
A=the  altitude  of  the  star ; 
d=the  declination  of  the  star; 
^=the  latitude  of  the  place. 


To  find  the  longitude  and  latitude  of  a  star  when  its  right 
ascension  and  declination  are  known^  and  vice  versa.  See 
pages.  174  and  176. 

Make  tang.  a=:sin.  B.  A.  cot.  Dec. 

tang.  L=sin.  {a+u)  tang.  R.  A.  oosea  a, 
tan^.  /=cot.  (a+u)  sin.  L, 
sin.  /=cos.  {a+(t))  sin.  Dec.  sec.  a, 
sin.  L  =  tang.  {a+tj)  tang.  /. 

Make  tang.  a=8in.  L  cot.  /. 

tang.  R.  A.=sin.  (a— cj)  tang.  L  coseo.  a, 
tang.  Dec.=cot  (a— cj)  sin.  R.  A. 
sin.  Dec. =008.  (a— g))  sin.  /  sec.  a, 
sin.  R.  A. = tang,  (a— cj)  tang.  Dec. 

L = the  longitude  of  the  star ; 

Z=the  latitude  of  the  star ;  . 
R.  A.=:the  right  ascension  of  the  star ; 
Dec. = the  declination  of  the  star ; 

6)=:  the  ohliquity  of  the  ecliptic. 
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To  compute  the  longitude,  right  ascension,  and  declination 
of  the  sun ;  any  one  of  these  quantities,  together  with  the 
obliquity  of  the  ecliptic,  being  given.     See  page  178. 

tang.  R.  A. = tang.  Long.  cos.  <i>; 

sin.  R.  A.  =  tang.  Dec.  cot.  ta ; 

tang.  Dec. = sin.  R.  A.  tang,  gi; 

sin.  Dec.  =  sin.  Long.  sin.  gi; 

.         T            tanff.  R.  A. 
tang.  Long. = — ^ ; 

COS.  G) 

.     T  sin.  Dec. 

sm.  Long.  =  — ; : 

sm.  6) 

cos.  Long. = COS.  R.  A.  cos.  Dec. ; 
ooa  P    A  _cos.  Long., 
COS.  Dec. 

Long. = the  sun's  longitude; 
R.  A. = the  sun's  right  ascension ; 
Dec. = the  sun's  declination ; 
G>=the  obliquity  of  the  ecliptic. 


To  compute  the  correction  in  time,  to  be  applied  to  the 
mean  of  the  times  of  observed  equal  altitudes  of  the  sun,  in 
order  to  obtain  the  time  of  its  meridional  passage.  See  page 
128. 

rfP=Y^(tang.  ^  cosec.  P— tang.  6  cot.  P). 

ID 

^=:the  increase  of  the  hour  angle  in  time ; 

<&5= increase  of  declination  from  the  meridian  to  the  afternoon 

observation ; 
P=hour  angle  from  the  meridian,  supposing  no  change  in  dec- 
lination ; 
d=declination  of  the  sun  on  the  meridian ; 
^=the  latitude  of  the  place. 
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For  the  Angle  of  the  Vertical. 
tang.  ^'=taDg.  ^x  0.9933254. 

For  the  Radius  of  the  Earth. 


^^/  COS.  0 

V  COS.  (^'  COS.  (^^  — ^)' 

For  the  horizontal  Parallax  of  any  Place. 

p=r?. 

For  the  Moon^s  Parallax  in  Altitude. 

1.  sin.  q^sin.psin.  (z+q). 

o    .  sin.  p  sin.  z 

2.  tang.  q=zi ~ . 

lsm.p  COS.  z 

n         sin.  p  sin.  z  ,  sin.^  p  sin.  2z  ,  sin.^  p  sin.  3z  . 
sm.  v^  sm.  2^^  sin.  3^' 

For  the  Moon's  Parallax  in  Right  Ascension. 
Make  «=«H-Pf^it'. 

COS.  6 
1.     sin.  11=:  a  sin.  (A+n). 
e.    .        „       a  sin.  A 

2.    tang.  11=::; r. 

1— a  COS.  A 
n   „    a  sin.  A  .  a*  sin.  2A  .  a^  sin.  3A  , 
sm.  l''^       sm.  2'^        sm.  3^' 

JV>r  /Ac  Moon^s  Parallax  in  Declination.    ' 

i    *-.       ji/    /i     sin.  p  sin.  rf»'\  sin.  A'  ^ 

1.  tang.  <J'=(  1 i^ — — 11 1  -^ — J-  tang.  *. 

\  sm.  6     ]  sm.  A 

Hake  cot.  ^^<^>  (*+W  cot  »; 

COS.  jfn 

_sin.p  sin.  ^' 

C ; 7 -• 

sm.  b 


Recapitulation.  351 

2.     sin.  n=c  sin.  (6— (J+tt). 

o    .  c  sin.  (b—6) 

.3.  tang,  7r=:i —.i-^' 

®         1-coos.  (6-(J) 

.      _c  sin.  (6--d)^c^  sin.  2(ft-"tf)  ,  c^  sin.  3(6— rf) 

*•  "" 8in.l-     "^       ^572^^       "^       sin.  3-      "'■'^' 

JFbr  the  hourly  Variation  of  Parallax  in  Bight  Ascension. 

jjj^P  COS.  0'  COS.  hdh 
""  COS.  6 

For  the  hourly  Variation  of  Parallax  in  Declination. 

dhr—p  COS.  if/  sin.  6  sin.  hdJi, 

For  the  Augmentation  of  the  Moon^s  Semi-diameter. 

1.  a:=A.«^  008.  z^+iAV+JAV  cos.^;2r'+,  etc., 
whore  A=0.00001779. 

2.  a;=5  sin.  tt  cot.  (6— <5)— i  5  sin.'  tt. 

^=the  geographical  latitude  of  the  place ; 

0''=the  geocentric  latitude  of  the  place ; 

r=the  radius  of  the  earth,  corresponding  to  the  latitude  ^; 

2r=the  true  zenith  distance  of  the  moon ; 

P=the  moon's  horizontal  parallax  at  the  equator; 

p=:the  horizontal  parallax  at  the  place  of  observation ; 

^=the  moon's  parallax  in  altitude; 

d=the  true  declination  of  the  moon ; 

d^=the  apparent  declination  of  the  moon ; 

&=the  true  hour  angle  at  the  pole = the  sidereal  timey  miims 
the  moon's  true  right  ascension ; 

A^=the  apparent  hour  angle ; 

n=:the  moon's  parallax  in  right  ascension ; 

ir=the  parallax  in  declination ; 
e&I=the  variation  of  parallax  in  right  ascension; 
i27r=the  variation  of  parallax  in  declination ; 

i=:the  true  semi-diameter  of  the  moon. 
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TRIGONOMETRICAL    FORHULiE. 


1. 


Values  of  8in.  A. 


2. 


3. 


COS.  A  tang.  A. 


COS.  A 
oot  A' 


vi— COS.*  A. 


4. 


5. 


6. 


7. 


Values  of  COS.  A. 


sin.  A 
tang.  A' 


sin.  A  oot.  A. 


Vl— sin.^A. 


Values  of  tang.  A. 


sin.  A 
oos.  A* 


oot  A 


Vl+oot^A' 

tang.  A 
Vl+tang.^  A 


2  sin.  ^A  COS.  ^A. 


s/- 


1— oos.  2A 


8. 


9. 


10, 


11. 


12. 


13. 


2  tang.  ^A 
l+tangJiA' 


tang.  iA+oot  JA* 


ooaeoant  A 


28m.»(45o  +  iA)-l. 


l-2sm.»(45o-iA). 


Vl+tang.*  a' 

cot.  A 
■y/i+cotJT 

COS.*  iA— sin.'  |A. 


1-2  sin."  iA. 


2co8.*iA-l- 


^ 


V- 


1+oos.  2A 


l-tang.^^A 
l+tang.«iA' 

cot.  i  A— tang.  ^A 
cot.  iA+tang.  JA* 


1 +tang.  A  tang.  ^  a' 


seoant  A 


cos.'^  A 


sin.  A 
VI— sin.*  A 

Vl— cos.*A 

■■ ' '  • 

cos.  A 

2  tang.  ^A 
l^tang.^iA' 

2  cot.  \k 
cot*iA-r 


oot.  iA-tang.  JA" 


oot  A- 2  oot  2A. 


1-003. 2A 
sin.  2A 


sin.  2A 


1+003.  2 A* 


s/\ 


—oos.  2  A 


1+00S.2A 
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Relative  to  two  Arcsj  A  ajid  B. 

sin.  (A+B)=sm.  A  cos.  B+oos.  A  sin.  B, 
sin.  (A— B)=sin.  A  cos.  B— c5os.  A  sin.  B, 
COS.  (A+B)=cos.  A  COS.  B— sin.  A  sin.  B, 
COS.  (A— B)=cos.  A  cos.  B+sin.  A  sin.  B, 

sin.  (A+B)__tang.  A+tang.  B_cot.  B+cot.  A 
sin.  (A— B)     tang.  A— tang.  B     cot.  B— cot.  A' 

COS.  (A+B)_cot.  B—tan^.  A_oot.  A  — tang.  B 
COS.  (A— B)     cot.  B-f  tang.  A     cot.  A + tang.  B* 

sin.  A  COS.  B=i  sin.  (A+B)  + J  sin.  (A—B), 

cos.  A  sin.  B=i  sin.  (A+B)--i  sin.  (A—B), 

sin.  A  sin.  B=i  cos.  (A— B)  — ^  cos.  (A+B), 

COS.  A  cos.  B  =  i  cos.  (A+B)  +  i  cos.  (A—B), 

sin.  A+sin.  B=2  sin.  J(A+B) .  cos.  i(A— B), 

cos.  A+cos.  B=2  COS.  i(A+B) .  cos.  i(A— B), 

sin.  A— sin.  B=2  sin.  i(A— B) .  cos.  J(A+B), 

COS.  B— COS.  A=2  sin.  ^(A— B) ,  sin.  J(A+B), 

^       sin.  (A+B) 

tang.  A + tang.  B= f ^, 

COS.  A .  COS.  B 

^      sin.  (A+B) 

cot.  A  +  COt.  D  =  - ^ : ^, 

sm.  A .  sm.  B 

A     A         Tj      sin.  (A  —  B) 

tang.  A -tang.  B= f ^, 

°   ,  cos.  A .  COS.  B 

^  ^        .    .       sin.  (A—B) 
cot.  B— cot.  A=-: — r — ■• — ^> 

sm.  A .  sm.  B 

sin.  A+sin.  Btang.  ^(A+B) 
sin.  A— sin.  B^tang.  i(A— B)' 

COS.  B+cos.  A_  cot.  j(A+B) 
cos.  B— COS.  A    tang.  i(A— B) 

Z 
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Multiple  Arcs. 

an.  2 A = 2  sin.  A  cos.  A, 
sin.  3A=2  sin.  2A.  cos.  A— sin.  A, 
sin.  4A=2  sin.  3 A. cos.  A— sin.  2 A, 
COS.  2A=2  COS.  A  cos.  A— 1, 

=  l-2sin.2A, 
COS.  3A=2  COS.  2A  cos.  A— cos.  A, 
cos.  4A=2  cos.  3A  cos.  A— cos.  2A, 

Ung.  2A=  2^ng^ 
1— tang.^A 

tang,  n-  fa^'2A+tang.A 
1— tang.  2 A  tang.  A* 

tang.  4A=,^g'^^+^°g'-^. 
1— tang.  3  A  tang.  A 

Trigonometrical  Series. 

gin.  A=:A :^4— ^L ^^  ^^ 

2.3^2.3.4.5    2.3.4.5.6.7"*"'       ' 

COS.  A=l-:^+_^^^ ^'  I     etc 

2^2.3.4    2.3.4.5.6^'®^'' 

tang.  A=A+— +^4-iZ^+   etc 
^  ^3^3.5^3^5.7^'       ' 

^  ^-"A~3 "3^6""3^5:7■~'  ^^• 

Differentials  of  Trigonometrical  Lines. 

d  sin.  x=z  +COS.  x  dx^ 
d  COS.  a;=  —sin.  x  dxj 

dx 


£?tang.  a;=  + 


cos.'a:' 


dx 
doot  x=  — 


sin.' a; 


^tt^^*0»rm0m'm^^/mf^r»fm0U0^^tt^t^mm 


TABLES. 
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POSITIONS  OF  THE  PRINCIPAL  FOREIGN  OBSERVATORIES. 

North  Latitudes  and  West  Longitudes  are  indicated  by  the  sign  -f ;  South  Latitudea  and  East  Longitudes 

by  the  sign  — . 


Place. 


Abo 

Altona 

Annagh 

Athens 

Berlin 

Bilk 

Bonn 

Breslau 

Brussels 

Cambridge,  England. 

Cape  of  Good  Hope.  • 

Christiania 

Copenhagen 

Cracow 

Dorpat 

Dublin 

Durham 

Edinburgh 

Florence 

Geneva 

Gbttingen 

Gotha 

Greenwich 

Hamburgh 

Kasan 

Konigaberg 

Kremsmdnster 

Leipsic 

Leyden 

Liyerpool 

Biladras 

Mannheim 

Markree 

Marseilles 

Milan 

Modena 

Moscow 

Munich 

Naples 

Olmutz 

Oxford 

Padua  

Palermo 

Paramatta. .  .* 

Paris 

Petex^burgh 

Prague 

Pttlkowa 

Rome 

San  Fernando 

Santiago 

Senflenberg 

Vienna 

Wilna 


Latitude. 


58 
3o 

12 


+60   26 

+53  32 

+  54    21 

+37 

+  52 

+5i 
+5o  43 
+5i  6 
+5o  5 1 
+52  12 

—33  56 
+59  54 
+55  4o 
+5o  3 
+58  22 
+53  23 

+54  46 
+55  57 
+43  46 
+46  u 


56.8 
45.3 
12.7 
20.0 
16.7 

25.  o 

45.0 
56. o 
X0.7 
5i.8 

3.0 
43.7 
53.0 
5o.o 

47-1 
i3.o 

6.4 

23.2 

4o.8 

58.8 


+5i 
+5o 

+5i 
+53 
+55 

+54 
+48 
+5i 

+  52 

+53 

+i3 

+49 
+54 
+43 
+45 

+44 
+55 
+48 
+40 
+49 

+5i 
+45 
+38 
—33 
+48 
+59 
+5o 
+59 

+4i 
+36 


3i  47-9 
56  5.2 
28  38.2 
33     5.0 

47   23.1 

42  5o.4 
3  23.8 

20  20.4 
9  28.2 

24  47.8 


4 
29 
10 

17 

28 

38 

45 

8 

5i 


9.2 
X2.9 
3x.7 
49.0 

0.7 
52.8 
19.8 
45.0 
46.6 


35  4o.o 

45  36. o 
24     2.5 

6  44.0 
48  49.8 
5o  I 3. 2 
56  29.7 

5  18.5 

46  18.7 
53  54.0 
27  45.0 


—33  26  25.9 
+5o  5  lo.i 
+48  12  35.5 
+54  4o  59.1 


Longitude 

from  Washington 

in  Time. 

A.      M. 

«. 

— 

6  37 

20.0 

— 

5  47  57.4 

— 

4  4i 

35.7 

— 

6  43 

6.4 

— 

6     X 

46.1 

— 

5  35 

16. 1 

— 

5  36 

35.7 

— 

6  16 

21.2 

— 

5  25 

38.8 

— 

5    8 

34.7 

6  22 

7.2 

— 

5  5i 

6.0 

— 

5  58 

3o.5 

— 

6  28 

2.4 

— 

6  55 

5.8 

— 

4  42  49.2 

— 

5     I 

53.2 

— 

4  55  28.2 

— 

5  53 

XQ.Q 

— 

5  32  48.9 

5  47 
5  5x 
5     8 

5  48 
8  24 

6  3o 


6 
5 
5 

4 


4 

57 
26 

56 


— 10  29 


5 

4 
5 
5 
5 

7 
5 

6 

6 


42 

34 
29 

44 
5i 
38 

54 
5 

17 


+ 


5     3 

5  55 

6  I 

8  47 
5  17 

7 
6 

7 

5  5 

443 

O    25 

6  i4 
6  i3 
6  49 


57.3 
6.9 

IX. 2 

4.8 
43.1 
II. 6 
44.6 
39.7 

8.6 

XI. I 

8.2 

2.7 

22.8 

4o.2 

57.8 

55.2 
28.5 
37.6 
12.1 
II. 3 

8.6 
4o.2 
36.7 
42.6 
32.7 

24.7 
53.2 

29.9 

5.9 

22.1 

37.6 

I.I 

43.7 

23. o 


Longitude 

ftom  Greenwich 

in  Time. 


h,   m.  9. 

—  I  29  8.8 

—  o  39  46.2 
+  o  26  35.5 

—  I  34  55.2 

—  o  53  34.9 

—  o  27  4.9 

—  o  28  24.5 
—18  xo.o 

—  o  17  27*.  6 
—00  23.5 


+ 
+ 
+ 


1 

o 
o 
I 
I 
o 
o 
o 

—  o 

—  o 

—  o 

—  o 
o 

—  o 

—  3 

—  I 

—  o 

—  o 

—  o 
+  o 

—  5 

—  o 
+  o 

—  o 

—  o 

—  o 

—  2 

—  o 

—  o 

—  I 

+  o 

—  o 

—  o 
— 10 

—  o 

—  2 

—  O 

—  2 

—  O 
O 


i3 

42 

5o 

»9 
46 

25 

6 
12 
45 
24 


56.0 
54.8 
19.3 

5l.2 

54.6 

22.0 

x8.o 
43.0 

^•7 
37.7 


+ 
+ 


4 
I 
I 
I 


39  46.1 
43  55.7 

0  o 
39  53.6 

16  3.1.9 
22     0.4 

56  33.4 
49  28.5 

17  57.4 
12     0.1 

20  57.0 
33  5i.5 
33  48.4 

21  29.0 
36  46.6 
43  44*0 
3o  17,3 

46  26.4 

57  0.9 
9    o.i 

5    2.6 

47  29.0 
53  25.5 

4  6.2 
9  21.5 

1  i3.5 
57  42.0 

I  18.7 
49  54.7 
24  49.1 

42  33.6 

5  49.9 
5  32.5 

4i  11.8 


Longitude 

from  Greenwich 

in  Are. 


—  22  17  II. 4 

—  9  56  32.2 

+  6  38  52.5 

—  23  43  47.8 

—  i3  a3  43.9 

—  6  46  13.9 

—  7  6  6.9 

—  17  2  3o.o 

—  4  21  54.0 

—  o  5  53.1 


+ 

+ 


18 
10 
12 

19 
26 

6 

X 

3 
II 

6 


—  9 

—  10 

o 

—  9 
-49 

—  20 

—  i4 

—  '12 

r-   4 

+  .  3 

—  80 

—  8 
+  8 

—  5 

—  9 

—  10 

-  37 

—  II 

—  i4 

—  17 

+  I 

—  II 

—  i3 
-i5i 

—  2 

—  3o 

—  i4 

—  3o 

—  12 
(-  6 

+  70 

—  x6 

—  16 

-  25 


28  59.7 

43  41.4 

34  49.5 

57  48. 
43  38.4 
20  3o.o 
34  3o.o 
10  45.0 
i5  24.9 

9  25.2 

56  3i.5 

43  54*9 

o  o 

58  a3.4 

7  58.9 
3o  5.4 

8  21.3 
22  7.5 

29  21.4 
o  1.7 


i4 
27 
27 
22 
II 
55 

34 
36 
i5 
i5 


i5.o 
52.5 

6.0 
i4.8 
39.6 
59.5 
19.3 
36.6 
13.9 

1.5 


1 5  39.0 
52  i5.4 
21  21.9 
I  33.7 
20  21.9 

18  22.2 
25  29.4 

19  4o.i 
28  40.5 
12  17. 

38  24.0 
27  28.9 
23  7.0 

17  56. f 
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Table   II. 


LATITUDES  AND  LONGITUDES  OP  PLACES  IN  THE  UNITED  STATES. 
West  Longitudes  are  oonsidered  u  positive,  Eaat  Longitudes  u  negatlre. 


Longitude     t 
from  Greenwich 
in  Arc. 


Plaee. 


Latitude. 


Burlington,  Vt 

Middlebury ,  Vt 

Brunswick,  Me.,  College 

Hanover,  N.  H 

Rochester,  N.  Y 

Clinton,  N.Y 

Schenectady,  N.  Y 

WUliamstown,  Mass 

Albany,  N.  Y.,  Capitol 

BeloitjWis 

Cambridge,  Mass.,  Obserrat. 
Amherst,  Mass.,  Colleffe. ... 
Boston,  Mass.,  State  House. 

Ann  Arbor,  Mich 

Chicago,  111 

Pn>ri;ence,R.I.,CoUege.. 
Hartford, Conn., State  House 
Middletown,  Conn.,  College. 

West  Point,  N.  Y 

New  Haven,  Conn.,  Coll.  Sp. 

Nantucket,  Mass.,  Mite.  Obs. 
Hudson,  Ohio,  Observatory . 

New  York,  CiW  Hall 

PriAceton,  N.  J.,  College... 

Canonsburgh,  Penn 

Carlisle,  Penn 

CrawfordsviUe,  la 

PhUadelphia,  High  Sch.  Obs. 

Jacksonville,  111 

Oxford,  Ohio 

Athens,  Ohio 

Baltimore,  Wash.  Monument 

Bloomington,  la 

Cincinnati,  Ohio,  Observatory 
Annapolis,  Md.,  State  House 
Georgetown,  D.  C,  Observ.. 
Washington,  D.  C,  Observ.. 

St  Louis,  Mo 

Lexington,  Ky 

Charlottesville,  Ya.,  Univers. 

San  Francisco,  Cal. ,  San  Jose 
Monterey,  Cal.,  Observatory. 
Nashville,  Tenn.,  University 

Chapel  Hifl,  N.  C 

Santa  Fe,  New  Mexico 

Columbia,  S.C 

Athens,  Ga. 

Tuscaloosa,  Ala.  .......... 

Charleston,  S.  C,  GttTbes' Ob! 
San  Diego,  Cal.,  Observat'y. 

Savannah,  Ga.,  Exchange . . 
Mobile,  Ala.,  Episcomd  Spire 

New  Orleans,  City  Hall 

Galveston,  Tex.,  Court-house 


44  27 
44    o 
43  54  89 
43  43  So 
43     8 
43     2 
42  48 
42  42  49 
42  39     3 
42   32 


17 


42 
42 

42 

42 

4i 
4i 
4i 
4i 
4x 
4i 

4i 
4i 
40 
4o 
4o 
4o 
4o 
39 
39 
39 

39 
39 
39 
39 
38 
38 
38 
38 
38 
38 


22  48.6 

22  i5.6 
21  27.6 

17 
53  10 

5o  16.7 

45  59 

33    8 

23  35.6 

18  37.7 

x6  57.2 
i4  42.6 
42  43.2 

20    52.1 

17 
12 

3 

57 
45 

3o 


7.5 


21 

17  47-8 

12 

5  54 
58  4o.2 
54  26.1 
53  39.3 
37  28 

6 

3     3 


3748 
36  37 
36  9 
35  54 
35  4i 
33  57 
33  54 
33  13 
33  47 
32  4i 


83.6 
59.9 
33 

31 

6 


5.3 
58. o 


33    4  53.4 
So  4i   86.8 
29  57  So 
29  18  z4.5 


Longitude 

fhMnWashingtoB 

in  Time. 


»•  in. 

— o  1 5 
— o  i5 
—o  28 
— o  19 

+0 
— o 

— o 


3 
6 

12 


— o  1 5 
— o  i3 

+0  47 

— o  a3 
— o  18 
— o  23 

+0  27 
+0  42 

— O    23 

— o  17 
— o  17 

— O  13 
— O   16 


37 

«7 

13 


9 

x3 


— O 

+0 

— o 
— o 

+0 

+0     o 

+0  39 

— o  7 
+0  53 
+0  So 

-(-o  30 
— o  I 
+0  37 
+0  39 

— O      3 

+0     O 

O       O 

+0  53 
+0  29 
+0    5 

+3  1 
+3  59 
+0  39 
+0  8 
+1  55 
-j-o  16 
+0  a5 
+0  42 
+0  XI 
4-2  4o 

+0  16 
+0  43 
+0  5i 

4-1  10 


a. 
3x 
39 
21.6 

^9 
i3 

x5 

3i 

18.6 

II  .9 

53 

4i.5 

5.2 

57 

X 

20.9 

36.6 
28.2 
35 

23.1 

29.6 
48.6 

32.1 

II  .0 

34.2 

5 

4i 

5 
33.6 

I 
53 

17 
44.6 

4i 

46.9 

14.6 

6.3 

o 

49.5 

54.7 

27.4 
36.3 

5.0 

59 

54 

»7 

37 

37 
33.8 

48.3 

54.7 

4^.8 
55.0 


Longitude 

(tcm  Greenwich 

in  Time. 


k. 

4 
4 
4 
4 
5 
5 
4 
4 
4 
5 

4 
4 
4 
5 
5 
4 
4 
4 
4 
4 

4 
5 

4 
4 
5 
5 
5 
5 
6 
5 

5 
5 
5 
5 
5 
5 
5 
6 
5 
5 

8 
8 
5 
5 

7 
5 

5 

5 

5 

7 


m. 
53 
53 

3 

4 

II 

I 

55 

53 

54 
56 

44 
5o 

44 
35 
5o 
45 
5o 
5o 
55 
5i 

4o 

35 

56 
58 

31 

8 

47 
o 

I 

39 

38 

6 

45 

37 
5 

8 

8 

I 

37 
i4 

9 

7 

47 

17 

4 

24 

33 
5o 

»9 
48 


a. 

4o 

33 

49.6 

53 
24 

56 
4o 
53.6 
59.3 
4 

29-7 
6 

a 

13 

Ss.i 

34.6 

43 

36 

48.1 

4i.6 

83.6 

43.3 
0.3 
S7.0 
16 

53 

16 
37.6 

13 

4 

28 
26.6 

53 

58.1 
56.6 

17.4 

II. 3 

0.7 

13 
5.9 

38.6 
37.5 
16.3 
10 
5.5 

38 

48 
48 

44.0 
53.5 


5  34  81. I 

5  53  5.9 
600 

6  19  6.3 


73  10 

73  8 

69  57  33.9 
73  i3 

77  5x 

75  29 

73  55 

73  x3  10 

73  44  49 

89  I 

71  7  24.9 
73  3i  28 
71  3  So.o 

83  48 

87  38  1.8 
71  23  39.7 
73  4o  45 
73  S9  o 
73  57  1,0 

73  55  84.1 

70  5  S9.0 

81  85  48.9 

74  o  3.1 

74  39  i5.S 
80  19 
77  i3 
86  49 

75  9  8S.4 

90  18 

84  46 

82  7 

76  36  38.6 
86  28 
84  29  So. 8 
76  89  9.4 


77 
77 


4 
a 
90  i5  10 
84  18 
Sz  89 


81.0 

48.0 


78 

133  84 

131  54 

86  49 

79  17 

106  I 

81  7 

83  37 

87  4a 

79  55 

117  iS 

81  5 

88  I 
90  o 
94  46 


39.6 

83. O 

3 
So 

83 


59.8 
88.0 

z6'.8 

39.8 

o 

S3. 8 
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To  ccmoert  Hoitrs^  MimUes,  and  Seconds  iiUo 

To  convert  Dedmala  of  a  Day  into 

DecitnaU  of  a  Day. 

HourSf  MinuteSt  and  Seconds. 

Hoara. 

Decimal. 

Min. 

Decimal. 

Sec. 

X 

DeeimaL 

Dee. 

n.  M.  S. 

Dec. 

H.  M.   S. 

I 

.o4i6+ 

I 

.000694+ 

.OOOOXX6 

.01 

0  x4  24 

.61 

x4  38  34/ 

2 

.o833+ 

2 

.00x388+ 

2 

.000023 I 

.02 

0  28  48 

.62 

i4  5a  48  ^ 

3 

.1250+ 

3 

.002083+ 

3 

.0000347 

.o3 

0  43  12 

.63 

i5  7  la 

4 

.1666+ 

4 

.002777+ 

4 

. oooo463 

.04 

0  57  36 

.64 

x5  ax  36 

5 

.2o83+ 

5 

.003472+ 

5 

.0000579 

.o5 

I  12  0 

.65 

x5  36  0 

6 

.  25oo+ 

6 

.oo4x66+ 

6  ' 

.0000694 

.06 

I  26  24 

.66 

x5  5o  a4  , 

7 

.29x6+ 

7 

.  00486  x  + 

7 

.00008x0 

.07 

X  4o  48 

.67 

16  4  48 

8 

.3333+ 

8 

,oo5555+ 

8 

.0000925 

.08 

I  55  X2 

.68 

X6  19  13 

'9 

.3760+ 

9 

.oo6a5o+ 

9 

.0001043 

.09 

a  9  36 

.69 

16  33  36 

lO 

.4x66+ 

xo 

.006944+ 

10 

.oooxx57 

.xo 

2  24  0 

.70 

16  48  0 

XI 

.4583+ 

XX 

.007638+ 

XX 

.000x273 

.XX 

2  38  24 

•71 

17  a  34 

xa 

.5ooo+ 

X2 

.008333+ 

X2 

.000x389 

.X2 

a  52  48 

.72 

17  x6  48 

i3 

.54x6+ 

x3 

.009027+ 

x3 

.ooox5o5 

.i3 

3   7  X2 

.73 

17  3l  13 

i4 

.5833+ 

i4 

.009722+ 

i4 

.000x620 

.14 

3  ai  36 

.74 

17  45  36 

i5 

.6250+ 

x5 

.oxo4x6+ 

i5 

.000x736 

.x5 

3  36  0 

.75 

i4  0  0 
18  i4  24 

t6 

.6666+ 

16 

.OXXXXX  + 

x6 

.000x852 

.x6 

3  5o  24 

.76 

17 

.  7083+ 

17 

.oxx8o5+ 

17 

.000x968 

•17 

4  4  48 

•77 

x8  88  48 

x8 

.7500+ 

x8 

.ox25oo+ 

18 

.0002083 

.x8 

4  19  X2 

.78 

18  43  IS 

»9 

.79x6+ 

19 

.0x3x94+ 

19 

.0002199 
.00023x5 

.X9 

4  33  36 

•79 

x8  57  36 

20 

.8333+ 

20 

.0x3888+ 

20 

.20 

4  48  0 

.80 

19  13   0 

21 

.8750+ 

2X 

.0x4583+ 

2X 

.0002431 

.2X 

5  a  a4 

.81 

19  26  24 

22 

.9166+ 

22 

.0x5277+ 

22 

.0002546 

.22 

5  x6  48 

.8a 

19  4o  48 

23 

.9583+ 

23 

.015972+ 

23 

.0002662 

.23 

5  3i  xa 

.83 

19  55  13 

34 

X .  0000+ 

24 
25 

.0x6666+ 
.OX736X  + 

24 
25 

.0002778 
.0002894 

.24 
.25 

5  45  36 
600 

.84 
.85 

30  9  36 

30  34   0 

26 

.ox8o55+ 

26 

.ooo3ooo 
.ooo3x25 

.26 

6  i4  a4 

.86 

30  38  24 

o 

27 

.0x8750+ 

27 

.27 

6  a8  48 

.87 

20  52  48 

t 

28 

.0x9444+ 

28 

.000324 I 

.28 

6  43  xa 

.88 

21  7  12 

t 

29 

.020x38+ 

29 

.0003356 

.29 

6  57  36 

.89 

21  21  36  '■} 

1 

3o 

.020833+ 

3o 

. 0003472 

.3o 

7  la  0 

.90 

3x  36  01 

3x 

.02X527+ 

3x 

.0003588 

.3x 

7  a6  a4 

.91 

31  5o  34  ' 

1 

32 

.022222+ 

33 

.0003704 

.32 

7  4o  48 

.9a 

33  4  48  ' 

33 

.0229x6+ 

33 

.00038x9 

.33 

7  55  xa 

.93 

32  19  X2 

1 

34 

.0236XX  + 

34 

.0003935 

.34 

8  9  36 

.94 

22  33  36 

35 

.0243o5+ 

35 

. ooo4o5 I 

.35 

8  a4  0 

.95 

22  48  0  1 

36 

.  025000+ 

36 

.0004x67 

.36 

8  38  a4 

.96 

23   2  24  ' 

& 

Pj 

.025694+ 

.026388+ 

37 

.0004282 

.37 

8  5a  48 

•97 

23  x6  48  [ 

'a 

38 

38 

. 0004398 

.38 

9  7  xa 

.98 

23  3i  12 

39 

.027083+ 

39 

.00045 14 

.39 

9  2X  36 

•99 

23  45  36  , 

?t 

4o 

.027777+ 

4o 

. 00046 3o 

.40 

9  36  0 

AOT 

0  I  26.4 

-« 

4i 

.028472+ 

4i 

.0004745 

.41 

9  5o  a4 

.S.g 

42 

.029x66+ 

42 

.0004861 

.42 

xo  4  48 

4  19*2 

5  45.6 

7  12.0 

8  38.4 

1-s 

43 

.02986X+ 

43 

.0004977 

.43 

xo  19  xa 

.  \J\JO 

.oo4 

rkoS 

nbers  i 
repeats 

44 

.o3o555+ 

44 

. 0005093 

.44 

xo  33  36 

45 

.o3x25o+ 

45 

.ooo52o8 

.45 

xo  48  0 

.006 

46 

.031944+ 

46 

.ooo5324 

.46 

XX  a  a4 

.007 

\0     *^^^  •  "^ 

10  4*8 

11  3i.ii 

i 

47 

.032638+ 

47 

. ooo544o 

.47 

XX  16  48 

48 

.033333+ 

48 

.ooo5556 

.48 

XX  3i  xa 

.  WW 

12  57.6 

i4  24*0 

49 

.034027+ 

49 

.0005671 

.49 

XI  45  36 

.  \t\lO 
.OTO 

'S 

5o 

.034722+ 

5o 

.0005787 

.5o 

xa  0  0 

•  \^  A\^ 

s 

5x 

.o354x6+ 

5x 

.0005903 

.St 

xa  i4  24 

•  ooox 

0  0  8.64 

g: 

52 

.o36iix  + 

52 

.00060x9 

.52 

xa  a8  48 

.0003 

0  17.28 

ST 

53 

.o368o5+ 

53 

. 0006 X 34 

.53 

xa  43  la 

.ooo3 

0  25.03 

0  34. $6 

+ 

54 

.037500+ 

54 

.0006250 

.54 

la  57  36 

.ooo4 

55 

.038x94+ 

55 

.0006 366 

.55 

x3  la  0 

.ooo5 

0  43*20 

56 

.038888+ 

56 

.0006481 

.56 

x3  a6  a4 

.0006 

0  5i.84 

« 

57 

.039583+ 

57 

.0006597 

.57 

i3  4o  48 

.0007 

I  0.48 

^ 

58 

.040277+ 

58 

.00067x3 

.58 

x3  55  la 

.0008 

I  9.12 

59 

.040972+ 

59 

.0006829 

.59 

i4  9  36 

.0009 

I  117.76 

60 

.o4x666+ 

60 

.000694^ 

.60 

x4  a4  0 

.00x0 

I  36. 4q 

360 


Table  IV. 


To  eonurt  inUrwdi 

of  Mean  Solar  Time  into  equivalent  intervals  of  Sidereal  Time. 

HOUBS. 

MIHUTBH. 

BBCOHDS. 

1           raACTions. 

Mean  T.I   Sidereal  Time. 

MeanT 

.  Sidereal  Tims. 

MeanT 

Sidereal  Time. 

MeanT. 

Sidereal  Time. 

k. 

A«   ff&«             «• 

fa. 

m.      9. 

9. 

9. 

9, 

9. 

,     I 

I  o    9.856 

I 

I    0.164 

I 

i.oo3 

o.oa 

0.020 

2 

2  o  19.718 

2 

2  0.329 

2 

2.oo5 

o.o4 

o.o4o 

3 

3  0  29.569 

3 

3  0.493 

3 

3.008 

0.06 

0.060 

4 

4  0  39.426 

4 

4  0.657 

4 

4.011 

0.08 

0.080 

5 

5  0  49*282 

5 

5  0.821 

5 

5.014 

O.IO 

O.IOO 

6 

6  0  59.139 

6 

6  0.986 

6 

6.016 

0.12 

0.I20 

7 

7  1     8.995 

7 

7  i.i5o 

7 

7.019 

o.i4 

o.i4o 

8 

8  I   18. 852 

8 

8  i.3i4 

8 

8.022 

0.16 

0.160 

9 

9  I  28.708 

9 

9  1.478 

9 

9.oa5 

0.18 

,  0.180 

10 

10  I  38.565 

10 

10  1.643 

10 

10.027 

0.20 

0.201 

II 

II  I  48.431 

II 

II   1.807 

II 

ii.o3o 

0.22 

0.221 

la 

12  I  58.278 

12 

12  I. 971 

12 

i2.o33 

0.24 

0.241 

i3 

i3  2     8.134 

i3 

i3  2.136 

i3 

i3.o36 

0.26 

0.261 

U 

i4  8  17.991 
i5  2  27.847 

i4 

i4  2.3oo 

i4 

i4.o38 

0.28 

0.281 

i5 

i5 

i5  2.464 

i5 

i5.o4i 

o.3o 

o.3oi 

i6 

16  2  37.704 

16 

]6  2.628 

16 

16.044 

o.3a 

0.32I 

I? 

17  2  47 '560 

17 

17  2.793 

17 

17.047 

0.34 

0.341 

i8 

18  2  57.417 

18 

18  2.957 

18 

18.049 

0.36 

o.36i 

'9 

19  3     7.273 

»9 

19  3. 121 

19 

19.052 

0.38 

o.38i 

so 

20  3  17.129 

20 

20  3.a85 

20 

20.o55 

o.4o 

o.4oi 

81 

21  3  26.986 

21 

81  3.45o 

21 

21.057 

0.42 

0.421 

22 

22  3  36.842 

92 

22  3.614 

22 

22 . 060 

0.44 

0.441 

83 

23  3  46.699 

23 

23  3.778 

23 

23.063 

0.46 

0.461 

s4 

24  3  56.555 

84 

24  3.943 

^       0 

84 

24.066 

0.48 

0.481 

25 

25  4.107 

85 

25.068 

o.5o 

o.5oi 

1 

26 

26  4.271 

36 

26.071 

0.52 

0.521 

27 

27  4*435 

87 

27.074 

0.54 

0.541 

88 

28  4 •600 

88 

88 . 077 

0.56 

0.562 

ji 

29 

29  4.764 

89 

89.079 

0.58 

0.582 

real  i 

3o 

3o  4.928 

3o 

3o.o88 

0.60 

0.602 

3i 

3i  5.093 

3i 

3i.o85 

0.62 

0.622 

'3  tp 

32 

32  5.257 

33 

3a. 088 

0.64 

0.642 

33 

33  5.421 

33 

33.090 

0.66 

0.662 

55  • 

34 

34  5.585 

34 

34.093 

0.68 

0.682 

35 

35  5.750 

35 

35.096 

0.70 

0.702 

II: 

36 

36  5.914 

36 

36 . 099 

0.^ 

0.722 

8»i 

37 

37  6.078 

37 

37.101 

0.74 

0.742 

38 

38  6.242 

38 

38.I04 

0.76 

0.762 

39 

39  6.407 

39 

39.107 

0.78 

0.782 

Nil 

4o 

4o  6.571 

4o 

4o.iio 

0.80 

0.802 

4i 

4i  6.735 

4i 

41.112 

0.82 

0.822 

42 

42  6.900 

48 

42.ii5 

0.84 

o.84a 

43 

43  7.064 

43 

43.118 

0.86 

0.862 

44 

44  7.228 

44 

44.120 

0.88 

0.882 

45 

45  7.302 

46  7.557 

45 

45.123 

0.90 

0.902 

46 

46 

46.126 

0.92 

0.923 

47 

47  7 •7*1 

47 

47.129 

0.94 

0.943 

48 

48  7.885 

48 

48.i3i 

0.06 

0.963 

<•*  .a   q) 

11? 

49 

49  8.049 

49 

49.134 

0.98 

0.983 

5o 

5o  8.214 
5i  8.378 

5o 

5o.i37 

1. 00 

i.oo3 

3  ©                 »« 

5i 

5i.i4o 

.a  a                52 

Q-^                 1    53 

58  8.542 

53 

52.142 

53  8.707 

53 

53.145 

stab 
Breal 

54 

54  8.871 

54 

54.148 

55 

55  9.035 

55 

55.i5i 

SS 

56 

56  9.199 

56 

56.153 

HCQ 

57 

57  9*364 

57 

57.156 

58 

58  9.528 

58 

58.159 

59 

59  9.692 

59 

59.162 

' 
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To  eomvert  intervaU  of  Sidertal  Time  iiUo  eqvioaUni  iiUervaU  of  Mean  Solar  Time. 


H0UB8. 

HIXDTSl. 

BBCOKDl. 

FRACTIONS.        ^  1 

Slder.  T. 

Mean  Time. 

Sider.  T. 

Mean  Time. 

Sider.  T. 

Mean  Time. 

Sider.  T. 

Mean  Time. 

*. 

A.   m.          a. 

fR. 

m.        a. 

9. 

9. 

9. 

9. 

I 

0  59  5o . 1 70 

I 

0  59.836 

I 

0.997 

0.03 

0.030 

a 

I  69  4o.34i 

2 

I   59.67a 

3 

1.995 

o.o4 

o.o4o 

3 

a  59  3o.5ii 

3 

3  59.509 

3 

3.903 
3.989 

0.06 

0.060 

4 

3  59  20. 68a 

4 

3  59.345 

4 

0.08 

0.080 

5 

4  59  10. 852 

5 

4  59.181 

5 

4.986 

O.IO 

O.IOO 

6 

5  59     1.023 

6 

5  59.017 

6 

5.984 

O.I3 

0.I30 

7 

6  58  51.193 

7 

6  58.853 

7 

6.981 

o.i4 

o.i4o 

8 

7  58  41.364 

8 

7  58.689 

8 

7.978 

0.16 

0.160 

9 

8  58  31.534 

9 

8  58.5a6 

9 

8.975 

0.18 

o«i8o 

lO 

9  58  21 .704 

10 

9  58.363 

10 

9.973 

0.30 

0.199 

II 

10  58  II .875 

II 

10  58.198 

II 

10.970 

0.33 

0.319 

la 

II  58     2.045 

la 

II  58.034 

13 

11.967 

0.34 

0.339 

i3 

13  57  5a. 216 

i3 

13  57.870 

i3 

13.965 

0.36 

0.359 

i4 

i3  57  4a. 386 

i4 

i3  57.706 

i4 

13.963 

0.38 

0.279 

i5. 
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fleconde  of 

Time. 

Are. 

ft 

5i 

12  45 

5i 

12  45 

o.5i 

7.65 

O.OOI 

o.oi5 

52 

i3     0 

52 

i3     0 

0.52 

7.80 

.002 

o.o3o 

53 

i3  i5 

53 

i3  i5 

0.53 

7.95 

.oo3 

0.045 

54 

i3  3o 

54 

i3  3o 

0.54 

8.10 

.oo4 

0.060 

55 

i3  45 

55 

i3  45 

0.55 

8.25 

.oo5 

0.075 

56 

i4    0 

56 

i4    0 

0.56 

8.4o 

.006 

0.090 

57 

i4  i5 

57 

i4  i5 

0.57 

8.55 

.007 

o.io5 

58 

i4  3o 

58 

i4  3o 

0.58 

8.70 

•008 

0.120 

59 

i4  45 

59 

i4  45 

0.59 

8.85 

.009 

o.i35 

60 

.  i5    0 

60 

i5    0 

0.60 

9.00 

.010 

o.i5o 
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Table   VIII.-^Bessel's   Refractions. 


App. 
Alt. 


O  O 
lO 
20 

3o 
4o 
5o 
.  o 
10 
20 
3o 
4o 
5o 


8 


Mean 
Renract 


Differ, 
for  10'. 


a  O 
10 
20 
3o 

4o 
5o 
3  o 
xo 
20 
3o 
4o 
5o 


4  o 
xo 
20 
3o 
4o 
5o 
o 
10 
ao 
3o 
4o 
5o 


6  o 
10 
ao 
3o 
4o 
5o 

7  o 
10 

ao 

3o 

4o 

5o 


o 
xo 
ao 
3o 
4o 
5o 

o 
10 
ao 
3o 

4o 
5o 


34 

33 

3o 
29 

37 

25 

24 

23 
21 
20 

9 

8 


8 

7 
6 

6 
5 
4 
4 
3 
3 
2 
a 
2 


8 
8 
8 

7 

7 

7 

7 

7 

7 
6 

6 

6 


54.1 
49.2 
52.3 
3.5 
22.7 

49.8 
24.6 

6.7 

55.6 

50.9 

51.9 

58. o 


a.b 
23. o 
40.7 

0.9 

23.4 
47.8 
i4.6 
43.7 
x5.o 
48.3 
23.7 
0.7 


3^.9 
18.3 
58.6 
39.6 
21.2 

3.3 
46.5 
30.9 
x6.o 

1.9 

48.4 
35.6 


23.3 
XI.6 
0.3 
49.5 
39.  a 
29.2 
19.7 
X0.5 

1-7 
53.3 

45.1 

37.2 


6 
6 
6 
6 
6 
5 
5 
5 
5 
5 
5 
5 


29.0 
22.3 

l5.2 

8.4 
X.8 

55.4 
49.3 
43.3 
37.6 

32.  o 

26.5 

21.3 


ia4.9 
1x6.9 
108.8 
IQ0.8 
9a. 9 
85. a 


Log.  A. 


77-9 
7X.X 

64.7 
59.0 

53.9 

49.4 
45.6 
42.3 
39.8 
37.5 
35.6 
33.2 
30.9 
28.7 
a6.7 
a4.6 
a3.o 

ax. 8 
ao.6 

9-7 
9.0 

8.4 

7-9 
6.8 

5.6 

4.9 
4.x 
3.5 
2.8 

a. 3 

1-7 
1.3 

0.8 

0.3 

0.0 

9.5 

9.2 

8.8 

8.4 
8. a 

7-9 
7.6 
7.3 

7-1 
6.8 

6.6 

6.4 
6.x 
6.0 
5.7 
5.6 
5.5 
5. a 
5.x 


758o3 
o3a48 
x8aa8 
28137 
353oo 
40764 
45o86 
48602 
5x53o 
540x0 
56x42 


Dur. 


57995 
59618 
6xo4i 
6aa78 
63353 
64286 

65ii4 
65869 
6656o 
67204 
67813 
68383 


68908 
69384 
69816 
70188 
7o5o5 
70772 
7x020 
7x279 
7i5aa 

7x749 
7X96X 
7a  1 60 


7a346 
725x9 
72681 
7a83a 
72974 
73io5 
73aa9 

73347 
73459 

73564 
73663 
73757 


73845 
73938 
74007 
74o83 
74i55 
74aa3 
74288 
7435a 
744 1  a 
74468 
745a  I 
74573 


9909 
7x63 

5464 
43aa 
35x6 
3938 
a48o 

2X32 

i853 

1623 

i4a3 

xa37 

1075 

933 

8a8 

755 

691 

644 
609 
570 

535 

476 
43a 
373 
3x7 
367 
348 
359 
343 
337 

3X3 

99 
86 

73 
62 
5i 
4a 
3x 

24 
x8 

X2 

o5 

99 

94 

88 
83 

79 
76 

72 

68 

65 

64 
60 
56 
53 

52 

5o 


X059 
0952 
0860 
0780 
07x0 
o648 
0593 
o546 
o5o5 
o465 
0429 
0397 


o368 
o343 
o3i8 
0398 
0378 
0361 
0344 

0330 
03X6 
0304 

0192 
0182 


0172 
ox63 
oi55 
0x47 
ox4o 
ox33 
0x27 

OX3X 

oix5 
oiio 
oio5 
0x00 


0096 
009a 
0088 

0084 
0081 
0078 
0075 
0073 
0070 
0067 
oo65 
006a 


0060 
oo58 
oo56 

oo54 
oo5a 
oo5o 
0049 
0047 
oo46 
0045 
0043 
0043 


N. 


7344 
6767 
6352 
5789 
5373 
4995 

4653 

4341 
4o57 

3797 
356o 

3342 


3i4i 
2955 
2783 
2634 
3477 
334 1 

33X5 
3098 
X989 

x888 
X794 
X706 


X634 
1 549 
1478 
x4o8 
x342 
xa83 
1339 
X178 
xi3o 
1082 
xo36 
0992 


0951 

09x4 
0879 
0846 
o8x5 
0784 
0754 
0735 
0697 
067  X 
o646 
0622 


0600 
0579 
0559 
o54o 
o5a3 
o5o8 
0493 
0479 
o466 
0454 
0442 
043 1 


App. 
Alt. 


10  O 
XO 

ao 
3o 
4o 
5o 
o 
xo 
ao 
3o 
4o 
5o 


IX 


13 


i3 


i4 


x5 
16 

17 

x8 

»9 

30 


33 

34 
35 
36 

37 
38 

39 

Uo 

4i 
42 
43 
44 


o 
xo 
20 
3o 
4o 
5o 

o 
xo 
30 
3o 
4o 
5o 


4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 


o 
xo 
ao 
3o 
4o 
5o 

o 


ax 
22 

23 

24 

25 

26 
27 
28 
29 
3o 
3x 

32 


Mean 
"Rttnet. 


5 
5 
5 
5 

4 
4 
4 
4 
4 
4 
4 
4 


16.2 

IX. 2 

6.4 

^•7 
57.2 

53.8 

48.5 

44.3 

4o.2 

36.3 

32.4 

28.7 


a5.o 

ax. 4 
18.0 
x4.6 
IX. 3 
8.0 

4.9 
x.8 
58.8 
55.9 
53.0 
5o.3 


3  47.4 

3  44.7 
42.1 
39.5 
37.0 
34.5 

32.1 

18.6 

6.6 
55.8 
46.1 
37.3 


29.3 

ax. 9 

x5.a 

8.9 

3.3 

57.8 
53.8 
48.3 
43.8 
30.7 
35.8 
33.x 


38.7 
35.4 

32.3 
19.3 
16.5 

i3.8 
II. a 
8.7 
6.3 
4'0 
1.8 
59.7 


Diff. 


5.0 
4.8 

4.7 
4.5 

4.4 
4.3 
4.2 

4.1 
3.9 
3.9 
3.7 

3.7 
3.6 
3.4 
3.4 
3.3 
3.3 
3.1 
3.1 
3.0 
2.9 
2.9 

3.8 

3.8 
3.7 
3.6 
3.6 
3.5 
3.5 

2.4 

x3.5 

13. O 

10.8 

9-7 

8.8 

8.0 

7.4 
6.7 
6.3 
5.7 
5.4 
5.0 
4.6 
4.4 
4.1 
3.9 
3.7 

3.4 
3.3 
3.1 
3.0 

3.8 

3.7 
3.6 

3.5 

2.4 
3.3 
3.3 
3.1 

a.o 


Log.  A. 


746a3 
74670 

74714 
74757 

74799 
74839 

74876 

7491a 

74947 
74981 
7501 3 
75o43 


7507a 
75101 
75139 
75i55 
75180 
75ao5 
75399 
75363 
75374 
75395 
75316 
75336 


75355 
75373 
75391 
75408 
75435 

75441 
75457 
75543 
756x5 
75675 
76736 
76771 


76809 
76843 
76871 
76897 
76919 
76939 
76967 
76973 
76988 
76001 
760 1  a 
76033 


76033 
7604a 
76060 
76068 
76066 
76071 
76077 
7608a 
76087 
7609a 
76096 
76100 


N. 


oo4i 
oo4o 
0039 
oo38 
0037 
oo36 
oo35 
oo34 
oo33 
ooSa 
oo3i 
oo3o 


oo3o 
0039 
0038 
0037 
0037 
0036 
0036 
ooa6 
ooa5 
ooa4 
ooa4 

0033 


1.0420 

1 .  0409 

1.039! 

i.o38; 

1.03771 

1.0367I 

1.0357 

1.0347 

i.o33b 

i.o32b 

i.o3i8 

i.o3o8 


1.0299 
1.0290 
I. 0281 
I . 0372 
1.0264 
I .0268 
1.0362 
I. 0346 
I .0241 
1.0235 

I.023o 
1.0225 


1.0320 
1.0216 
1.0212 
I . 0208 
1.0204 
1.0200 
I. 0197 
I. 0175 

1.0x56 
I. ox  39 

I. 0134 
I.OIII 


I.OIOI 


1.0092; 

i.ooS3 

1.0075 

1.0068 

i.oo63 

i.oo58 

i.oo54 

1.0049 

i.oo46 

1.0043 

i.oo4o 


1.0037 
i.oo34j 
i.ooSii 


' 
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App. 
Alt. 


45 
46 

47 
48 

49 
5o 

5i 

52 

53 

54 
55 
56 


Mean 
Ref. 


57.7 
55.7 
53.8 
51.9 
5o.2 

48.4 
46.7 
45.1 
43.5 
4i-9 
40.4 
38.9 


Dur. 


57  137.5 


58 
59 
60 
61 
62 
63 

64 
65 
66 
67 
68 


69 
70 

71 
72 

73 
74 
75 
80 
85 
90 


36.1 

34.7 
33.3 

32. o 

30.7 

29.4 
28.2 
26.9 
25.7 
24.5 
23.3 


22.2 
21.0 
19.9 
18.8 
17.7 
16.6 
i5.5 
10.2 
5.1 
0.0 


2.0 

•9 

•9 

•7 
.8 

•7 
.6 

.6 

.6 

.5 

.5 

.4 
.4 
.4 
.4 
.3 
.3 
.3 
.2 
.3 
.2 

.2 
.2 

.1 
.2 
.1 
.1 
.1 
.1 
.1 

5.3 
5.1 
5.1 


Log.  A. 


.76104 
.76107 
.76111 

.76114 
.761x7 
.76x19 
.76122 

.76124 
.76126 
.76128 
.76130 
.76132 


. 761*14 
•76x36 
.76138 
.76139 
.76140 
.76142 
.76143 
.76x44 
•76145 
.76x46 

.76147 
.76148 


.7614^ 
.76149 
.76150 
.76150 
.76x51 
.76151 
.76152 

.76154 
.76156 
.76156 


Factor  B,  depending  on  the 
Barometer. 


Eug. 
In. 


B. 


27.9 
28.0 
28.1 
28.2 
28.3 

28.4 
28.5 
28.6 
28.7 
28.8 


28.9 
29.0 
29.1 
29.2 
29.3 

29.4 
29.5 
29.6 
29.7 
29.8 
29.9 
3o.o 


0.943 
0.946 

0.949 
0.953 
0.956 
0.960 
0.963 
0.966 
0.970 
0.973 


0.976 
0.980 
0.983 
0.987 
0.990 
0.993 
0.997 
.000 
.oo3 
.007 
.010 
.oi4 


3o.  I 
3o.2 
3o.3 

3o.4 
3o.5 
3o.6 
30.7 
3o.8 
30.9 
3i.o 


Log.  B. 


— 0.02564 
— o . 02409 
— 0.02254 
— 0.02099 
— 0.0x946 
-7-0.0x793 
— o .0x640 
—0.0x488 
—0.0x336 
— o. ox  1 85 


— o.oio35 
— 0.00885 
— '0.00735 
— o.oo586 
— o.oo438 
— 0.00290 
— 0.00x42 
+0.00005 
4-o.oox5i 
+0.00297 
+0 .  00443 
+o.oo588 


.017 
.020 

.024 
.027 
.o3i 
.o34 
.037 
.o4i 
.044 
.047 


+0.00732 
+0.00876 
+0.0x020 
+0.01x63 
+o.oi3o6 
+0.0x448 
+0.01589 
+0.0x731 
+0.0x871 
+0.02012 


Factor  t,  depending  on  the  attaebed  Thermometer. 
Fahrenheit. 


Factor  T,  dependlngon  the  external  Thermometer. 

Fahrenheit. 


Fahr. 
Deg. 


— 20 

19 

x8 

17 
16 

i5 

i4 
i3 

12 

XI 


Fahr. 

Deg. 

t. 

e 
—20 

x.oo5 

-i5 

i.oo4 

— xo 

x.oo4 

-  5 

x.oo3 

0 

x.oo3 

+  5 

x.oo3 

+  IO 

X.002 

+i5 

1.002 

+20 

x.oox 

+25 

i.oox 

+3o 

1. 000 

+35 

x.ooo 

Log.  t. 


+0.00203 
+0.00183 
+0.00164 

+0.00x44 
+0. 00x25 
+o.ooio5 
+0 .  00086 
+0.00066 

+0.00047 
+0.00027 
+0 .  00008 
— o. 0001 I 


Ft. 
Deg. 


4o 
45 
5o 
55 
60 
65 

70 
75 
80 

85 
90 
95 


t. 


0.999 
0.990 
0.998 
0.998 
0.997 
0.997 
0.997 
0.996 
0.996 
0.995 
0.995 
0.994 


Log.  L 


•o.ooo3x 
•o • ooo5o 
■0.00070 
■0.00089 
■0.00x09 
■0.00x28 
•0.00x48 
•0,00167 
■0.00x86 
•o.ooao5 
-6. 0022 5 
-o . 00244 


Log.  Refraction=log.  cotang.  App.  Alt.+log.  A 
+M(log.  B+log.  t)+TS  log.  T. 

Tnie  Refraction=Mean  Refraction  X  B  X  /  X  T. 


+ 


xo 

9 

8 

7 
6 

5 

4 
3 
2 

X 

o 

X 


2 

3 

4 
5 
6 

7 
8 

9 
10 

IX 
12 

i3 


i4 
x5 
16 

17 

x8 

19 
20 

21 

22 

23 

24 

25 


26 

27 
28 
29 

3o 
3x 

32 

33 

34 
35 
36 

+37 


T. 


56 
53 
5o 
48 
45 
43 
4o 
38 
35 

32 


3o 
28 

25 
23 

20 
18 
i5 
i3 
xo 
08 
06 
o3 


01 
098 
096 

094 
091 
089 
087 

084 
082 
080 
078 
075 


073 
071 
069 
066 

o64 
062 
060 
o57 
o55 
o53 
o5i 
049 


047 
o44 
042 
o4o 
o38 
o36 
o34 
o32 
o3o 
028 
026 
024 


Log.  T. 


+0 

+0 
+0 

+0 

+0 


+0 

+0 
+0 

+0 
+0 

+0 

+0 


+0 

+0 

+0 

+0 
+0 

+0 


+0 

-j-o 

+0 

+0 

+0 
+0 

+0 
+0 

+0 


+0 

+0 
+0 

+0 

+0 
+0 
+0 
+0 
+0 

-f-o 

4-0 

+0 


06279 

06x81 
06083 
05985 
05887 

05790 

05693 

05596 
o55oo 
o54o3 


Fahr. 
Deg. 


q53o7 

o52XI 

o5ii5 
o5o2o 

04924 
04829 

04734 
o464o 
04545 
0445 1 
04357 
04263 


04169! 
04076 
03982' 
03889 
037^6 

03704 
o36ii 
o35i9 
03427 
o3335 
03243 
o3i52 


o3o6o 
02969 
02878 
02787 
02697 
02606 

o25x4 
02426 
02336 

02247 
02x57 
02068 


01979 
0x890 
ox8ox 
0x7x3 
01624 
oi536 
ox448 
ox36o 
0x273 
oxi85 
0x098 

OIOII 


38 
39 
4o 
4i 
42 
43 
44 
45 
46 

47 


48 
5x 

52 

53 

54 
55 
56 

57 
58 

59 


60 
61 
62 
63 

64 
65 
66 
67 
68 
69 
70 

71 


73 
74 
75 
76 

77 
78 

79 
80 

81 

82 
83 


84 
85 
86 

87 
88 

89 

90 

9« 
92 

93 
95 


T. 


022 
019 
0x7 

ox5 
oi3 
0x1 
009 
007 
oo5 
oo3 


001 
000 
998 
996 

994 
992 

990 

988 
986 

984 
982 
980 


Log.T. 


+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 


+0 
— O 
— O 

— o 
— o 
— o 
— o 
— o 
— o 
— o 
— o 
— o 


978 

977 
975 
973 
971 
969 
967 
965 

964 
962 
960 
958 


966 
955 
953 
951 

949 
948 

946 

944 
942 

941 

939 
937 


935 

934 
932 
930 
929 
927 
925 

924 
922 
920 
9x9 
917 


— o 
— o 
— o 
— o 
— o 
— o 
— o 
— o 
— o 
— o 
— o 
— o 


— o 
— o 
— o 
— o 
— o 
— o 
— o 
— o 
— o 
— o 
— o 
— o 


■0 
•0 
•o 
•o 
•o 
•o 
■o 
•o 
■o 
-o 
-o 
-o 


00924 

00837 

00750 
00664 
00678 
00492 
oo4o6 
oo32o 
00234 
00149 


00064 
00021 
00106 
00I9I 
00275 
oo36o 

oo444 
(^o528 
00612 
00698 
00780 
oo863 


00946 
01029 
OXI12 
0x195 
01278 
oi36o 
0x443 
ox525 
0x607 
0x689 
0x770 
oi852 


01933 

020X5 

02096 
02177 
02257 
02338 
02419 
02499 
02679 
02669 
02738 
028x9 


02898 
02978 
o3o57 
o3x36 
o32i6 
03294 
03373 
o3452 
o353o 
03609 
03687 
03765 


>1 
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N.P.D. 

Asimatta. 

Diir. 
n3'2 

Level. 

Dur. 

CoUim. 

N.P.D. 

Asimuth. 

Dlff. 

.0x4 

Level. 

Diir. 

AT  T 

CoUim. 

Diff. 

i4o 

+  1.555 

+o.o3o 

+  X.556 

0 

80 

+0.491 

+0.889 

+  i.oi5 

r\nk 

1 39 

-f-1.523 

o3i 

+o.o56 

+1.524 

79 

+0.477 

+0.900 

•  VX  A 

+  I.01Qi        „ 

i38 

+  1.492 

e\'if\ 

+0.081 

.024 
.023 

+1.494 

78 

+0.462 

.0x4 
.0x4 
.0x5 

.014 

+0.912 

f\T  I 

+  x  .022 

.004 
oo5 

i37 

+  1.463 

+o.xo5 

+X.466 

77 

+0.448 

+0.923 

+ I . 026 

1 36 

+  1.434 

.028 

+0.128 

+1.440 

76 

+0.434 

+0.935 

+  i.o3i 

.oo4 

i35 

+  1.406 

+o.x5o 

.  oza 

+  1.414 

75 

+0.4x9 

+0.947 

+  I.035 

1 34 

+1.379 

.027 
.025 
.025 

.025 

.023 
.023 

.022 

.022 

+0.172 

.OZ2 
.021 
.020 

+  1.390 

74 

+o.4o5 

+0.958 

.Oi  I 
OT  9 

+i.o4o 

on6 

i33 

1 32 

+  1.354 
+  1.329 

+0.X93 

+0.2X3 

+  X.367 
+X.346 

73 

72 

+0.390 
+0.375 

.  v/1  >J 

.oi5 
.0x5 

.0x5 
.0x6 
.0x6 
.0x5 

+0.970 
+0.982 

.012 

+I.046 
+  i.o5i 

.oo5 
.007 

.006 

otti 

x3i 

+  i.3o4 

+  0.232 

.  019 

.0x9 

+  1.325 

71 

+0.360 

+0.994 

.  U  I  ^ 

.0X3 

+  I.058 

i3o 

+  I.2«1 

+0.25l 

+  x.3o5 

70 

+0.345 

+  1.007 

+  X.064 

129 

128 
127 

H-I.258 
+  1.236 
+  1.214 

+0.270 

+0.288 

+o.3o5 

.  019 

.0x8 
.0x7 

+X.287 
+  X.269 

+  X.252 

69 

68 
67 

+0.329 
+o.3,x3 
+0.298 

+  X.OX9 
+  I.032 

+X.045 

.  \Jl  2 

.oi3 
.0x3 
.0x3 
.0x3 

.0x4 
.oi3 

.0x4 
.0x4 
.oi5 

OT  ^ 

+X.071 

+  1.079 
+  1.086 

.  uuy 
.008 
.007 

126 

125 

+  1.193 
+  1.173 

.  02X 
.020 

+0.322 

+0.339 

.0x7 

.0x7 
.0x6 

.0x6 

.0x5 
.0x5 

.oi5 
.0x4 
.0x4 
.0x4 
.0x4 
.0x4 
.0x3 
.0x3 
.0x3 
.012 

.0x3 
.0x2 

rt  T  Q 

+i.a36 
+j  .221 

66 
65 

+0.281 
+0.265 

.0x7 

.0x6 

+  x.o58 
+  1.071 

+  1.095 
+  X.I03 

.008 
t\Jf\ 

124 

+  I.I53 

.020 

+0.355 

+1.206 

64 

+0.248 

•  Uly 

+  I.085 

+  X.1I3 

123 

+  I.I33 

.020 

+0.371 

+X.X92 

63 

+0.23X 

.0X7 

+  1.098 

+  I.X22 

niT 

122 

+  1.114 

.019 
.018 

.0x9 
.0x8 

^  T  r7 

+0.386 

+  1.179 

62 

+o.2x4 

.oi  7 

.0X8 
.0X7 

+  1.XX2 

+  I.X33 

OTO 

X2I 

+  1 .096 

+0.401 

+  1.X67 

61 

+O.X96 

+  X.X26 

+X.X43 

.012 
012 

120 

+  1.077 

+0.416 

+  I.X55 

60 

+O.X79 

+  i.x4i 

+  r.i55 

119 

+  1.059 

+0.430 

+  X.X43 

59 

+0.160 

orfi 

+  X.X56 

01 15 

+1.167 

.012 

118 

+  1.042 

•  Ul  y 
.018 
.0X7 
.0X6 
017 

.0x6 
.016 
.0x5 

.0x6 
.0x5 

+0.444 

+  X.X33 

58 

+o.x42 

rtcm 

+1.X71 

OT  h 

+1.X79 

.Ol3 

117 
116 

+  1.024 
+  1.007 

+0.458 
+0.472 

+  X.X22 
+  I.XI3 

57 
56 

+0.122 

+o.io3 

.019 
o<2n 

+  X.X86 
+  X.202 

.016 

.076 

+  1.X92 

+  X.206 

.0X4 

.0x5 

ii5 
ii4 

+0.991 
+0.974 

+0.486 
+0.499 

+  X.X03 

+X.095 

55 
54 

+0.083 
+0.062 

.02X 
.02X 
.021 
.02J 

+1.218 
+X.234 

.016 

+  I.22I 

+  1.236 

.oi5 

ni6 

zi3 

112 
III 

+0.958 
+0.942 
+0.927 

+0.5l2 

+0.525 
+0.537 

+1.086 

+1.079 
+1.071 

53 

52 

5x 

+o.o4x 
+0.020 
— 0 . 002 

+  X.252 

+X.269 

+X.287 

.017 
.018 

.0x8 

.019 

OQO 

+  1.252 
+  1.269 
+  1.287 

.017 
.018 

no 

109 

+0,911 
+0.896 

+o.55o 
+0.562 

+  r.o64 
+x.o58 

5o 
49 

— 0.025 

^-0.049 

.020 
.024 
.024 
.025 
oof) 

+  x.3o5 
+  X.324 

+  x.3o5 
+  1.325 

.  010 
.020 
.021 

108 
107 

+0.881 
+0.866 

.oi5 

+0.574 
+0.586 

.0X2 

+  x.o5i 
+X.046 

48 
47 

— 0.073 
— 0.098 

+1.344 
+1.364 

.020 
09  T 

+1.346 
+1.367 

.021  I 
.028 

106 

+0.85I 

.0x5 
.0x4 
.0x4 
.0x5 

.0x4 

.0x4 

.0x4 

.0x4 

.0x4 
oi3 

+o;599 

+  i.o4o 

46 

— O.X24 

+1.385 

OQT 

+1.390 

.02A 

io5 

+0.836 

+0.6x0 

.  OJL  I 

+  X.035 

45 

— 0.x 5o 

.028 

+X.406 

.  \>Am 

+x.4i4 

i%^f\ 

xo4 

+0.822 

+0.622 

.0x2 

+  i.o3i 

44 

— O.X78 

+X.428 

.UZZ 
.024 
•  024 

+1.440 

€%o6 

io3 
102 

+0.808 
+0.793 

+0.633 
+0.645 

.OX  I 
.0X2 

n  t  T 

+  1.026 
+1 .022 

43 
42 

— 0.207 
— 0.237 

.029 

.o3o 

+1.452 
+1.476 

+X.466 
+1.494 

,028 

.o3o 

lOI 

+0.779 

+0.656 

.  Ul  1 
.0X2 

+  X.019 

4x 

— 0.267 

.o33 

.o33 

o35 

+  X.50X 

.oa6 

.027 

028 

+1.524 

.o32 
.o33 

100 

+0.765 

+0.668 

+  X.OX5 

4o 

— o.3oo 

+X.527 

+1.556 

99 

+0.751 

+0.679 

.01 1 

+  X.0I2 

39 

—0.333 

+  X.554 

+X.589 

.o35 

98 

+0.737 

+0.690 

.Oil 

+  X.OXO 

38 

— 0.368 

.037 
o38 

+X.582 

o3o 

+  1.624 

.o38 

97 

+0.723 

+0.70X 

.  01  I 
OT  T 

+X.008 

37 

— o.4o5 

+  1.6X2 

.o3i 

+  1.662 

.039 
.o42 

96 

+0.7x0 

.0x4 
.0x4 
.0x3 

.0x4 
.oi4 

.0x3 

.0x4 
.0x3 

.0x4 
.0x4 
.0x3 

.oi4 

.0x4 
.0x3 

.014 

+0.712 

.  VA  1 

+1.006 

36 

—0.443 

.o4x 
.042 
.045 
.047 
.049 

.o53 
-  o56 

+X.643 

n^Q 

+1.701 

95 

+0.696 

+0.723 

•  UX  1 

+1.004 

35 

— 0.484 

+1.675 

.o34 
.o36 

+1.743 

.o45 

94 

+0.682 

+0.734 

+1.002 

34 

— 0.526 

+  1.709 

+1.788 

.o48 

93 

+0.669 

+0.745 

+  X.OOI 

33 

— 0.57X 

+1.745 

o38 

+1.836 

.o5i 

92 
91 

+0.655 
+0.64I 

+0.756 
+0.767 

.OIX 
.OXX 

Off 

+  I.OOI 
+  X.OOO 

32 

3x 

— o.6x8 
—0.667 

+X.783 
+1.823 

.o4o 

.043 
.045 
.o48 
•  o52 
.o55 

+1.887 
+1.942 

•  o55 

•  o58 
.o63 

90 

+0.628 

+0.778 

+  X.OOO 

3o 

— 0.720 

+1.866 

+2.000 

89 
88 

87 

+0.614 
+0.60X 
+0.587 

+0.789 
+0.800 
+o.8xx 

.  XfX  1 

.OXX 
.OXX 

e\y  T 

+  X.OOO 
+  I.OOI 
+  X^OOI 

29 
28 
27 

— 0.776 
— 0.836 
— 0.900 

.060 

.064 
068 

+  X.9XX 
+1.959 
+2.0x1 

+J?.o63 
+2.i3o 
+a.2o3 

.067 
.073 

.078 

86 

+0.573 

+0.822 

.Ul  1 

+  I.002 

26 

— 0.968 

.073 

+2^o66 

•  059 

.064 
068 

+9.a8i 

.o85 

85 

+o.56o 

+0.833 

•  Oil 

+  x^oo4 

25 

— x.o4x 

+2.X25 

+2.366 

.093 
.xoo 

84 

+0.546 

+0.844 

•  Oil 

+x.oo6 

24 

— X.I20 

.079 
.086 
•092 

+2.189 

+2.459 

83 
82 

+0.532 
+0.5x9 

+0.855 
+0.867 

•  OX  X 

.0x2 

+1^008 

+  X.OIO 

23 

22 

— X.206 
—  1.298 

+2.257 

+2^332 

.075 

+2.559 
+2.669 

.  xxo 
.121 

81 

+o.5o5 

+0.878 

•  01  1 

+  X.OI2 

2X 

— x.4oo 

.  1(/^ 

+2.4I4 

+2.790           i 

^ 


Transit  Instrument  for  Washington  Observatory.  367 


IN.P.D. 


+21 
20 

19 
18 

17 

x6 
i5 

i4 
i3 

12 


II 
10 

9 
8 

7 
6 

5 

4 
3 

2 


+ 


I 
o 


-  I 

-  2 

-  3 

-  4 

-  5 

-  6 

-  7 

-  8 

-  9 

[O 

I 

[2 

3 

:4 
5 
[6 

1 

[8 

19 
—20 

—21 

—22 

-23 

-24 

-25 

-26 
-27 
-28 


Azimath. 


-29 
■3o 
-3 1 

-32 

•33 
•34 
■35 
36 
.37 
■38 


-  I 

—  I 

—  I 

—  I 

—  I 

—  2 

—  2 

—  2 

—  2 

—  3 


—  3 

—  3 

—  4 

—  4 

—  5 

—  6 
— .  8 

-10 

-i4 
— 21 


-43 
+45 

4-22 

+i5 

+  9 
+  8 

+  6 
+  6 


+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 


5 

5 
4 
4 
4 
3 
3 
3 
3 
3 


+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 


+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 


4oo 
5ii 
633 
767 
918 
086 
277 

494 
743 
o34 


Difl*. 


^76 
786 
286 
910 
711 

777 
268 

502 
223 
660 


961 

2x7 
9x6 

479 

758 
524 
o33 
967 
166 


542 

o4x 
632 
290 
000 

749 
532 

342 

174 
023 


766 
655 
554 
46  x 
376 
297 
224 
1 55 
092 


062, 
976 
923 
873 
826 
782 
739 
699 
66  X 
624 


.XII 
.122 

.i34 
.i5x 
.168 
.191 
.2x7 

.249 
.291 

.342 
.4io 
.5oo 
.624 
.801 


Leyol.  I  Dlfl*. 


801 

624 
5oi 
409 
342 
290 

25l 

217 
190 

168 

i5i 

x35 

X22 
III 
lOI 
093 

o85 
079 
073 
069 
o63 

060 
o56 
o53 
o5o 
047 

o44 
043 

o4o 
o38 
037 


+  a 

+  2 

+  a 

4-  2 

+  2 


+ 
+ 


+ 
+ 
+ 

+ 
+ 
+ 

+  9 
+  12 

+  18 


+36 

—35 
—17 
— II 

—  8 

—  6 

—  5 

—  4 

—  3 


—  3 

—  2 

—  2 

—  2 


-  o 

-  o 
—  o 


^-  o 

—  o 

—  o 

-  o 

-  o 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


4x4 
5o3 

602 

7X1 
832 
968 
122 
297 

498 
732 


oo« 

340 

743 

246 
892 

752 

955 
757 
759 
759 


75o 

193 
202 
202 
201 
398 
196 
336 
689 


186 
783 
452 
176 
942 
74o 
565 
4x1 
275 
1 54 


045 

947 
857 

776 

70  X 

632 

568 

509 

454 
4o3 


354 
309 
267 
227 
189 
i53 
118 
086 
o55 
025 


089 
099 
109 
121 
1 36 

1 54 
175 
201 
234 

276 
332 
4o3 
5o3 
646 
860 


860 
647 
5o3 
4o3 
33i 
276 
234 
202 
175 

1 54 
1 36 
121 

109 
098 
090 
081 
075 
069 

064 
059 
o55 
o5i 

049 
045 
o42 
o4o 
o38 
o36 
o35 
o32 
o3i 
o3o 


Collimation.l  DUT. 


+ 
+ 

+ 

4- 
+ 
+ 
+ 

+ 


+ 
+ 
+ 
+ 


+  8 

+  9 
+11 
+i4 

+'9 
+28 


+57 

-57 
—28 
-19 
-x4 

—  IX 

—  9 

—  8 

—  7 


6 
5 
5 
4 
4 
4 
3 
3 
3 
3 


3 

2 
2 
2 

2 
2 

2 
2 

a 
2 


a 
a 
I 
I 
I 
I 
I 
1 
I 
I 


790 

924 
072 
236 
420 
628 
864 
1 34 
445 
810 


24l 

759 
392 
i85 
206 
567 

474 
336 
107 
654 


299 

299 

654 
107 
336 

474 
567 
206 
i85 


392 
759 
241 
810 
445 
1 34 
864 
628 
420 
236 


072 

924 
790 
669 
559 
459 
366 
281 

203 

i3o 


o63 
000 
942 
887 
836 
788 
743 
701 
662 
624 


.i34 
.i48 
.164 
.184 
.208 
.236 
.270 
.3ii 
.365 

.43i 
.5i8 
.633 
.793 


793 
633 
5i8 
43i 
365 
3ii 
270 
236 
ao8 
184 

1 64 
1 48 
1 34 

I2X 
110 
100 
093 

o85 
078 
073 

067 
o63 
o58 
o55 
o5i 
o48 
o45 
042 
039 
o3d 


N.P.Dlsl. 


Polaris.     Upper  Culmination. 


3i  o 
3o  5o 
3o  4o 
3o  3o 


3o 
3o 
3o 
29 


20 

10 

o 

5o 


29  4o 
29  3o 


Azimuth. 

Level. 

—28.768 

+24.493 

—      .822 

+      .536 

—      .876 

+      .58o 

—      .930 

+      .624 

—      .984 

+      .668 

— 29.039 

+     .712 

—      .094 

+     .756 

—     .i5o 

+     .801 

—     .2o5 

+     .845 

—     .261 

+     .890 

CoUimation. 


+  37.782 

+  .85i 
+  .921 
+  .991 
+38. 061 
+     .i3i 

+ 
+ 
+ 
+ 


.202 
.272 

.344 
.4x5 


Polaris.     Lower  Culmination. 


3i  o 
3o  5o 
3o  4o 
3o  3o 
3o  20 
3o  10 


3o 
29 


o 

5o 
29  4o 
29  3o 


+30.023 

—22.936 

+     .077 

—     .980 

+        .132 

— 23.023 

+     .186 

—    .067 

+     .241 

—     .Ill 

+     .295 

—     .i55 

+     .35o 

—     .200 

+     .4o5 

-     .244 

+     .461 

—     .289 

+     .5i6 

—     .334 

—37.782 

—  .85i 

—  .921 

—  .991 
— 38.061 

—  .x3x 

—  .20a 

—  .272 

—  .344 

—  .4x5 


9    0 

—38.144 

+  32.057 

8  5o 

—     .238 

+       .l32 

8  4o 

—     .332 

+     .209 

8  3o 

—     .426 

+     .285 

8  20 

—       .522 

+     .362 

8  10 

—       .618 

+     .439 

X  Ursse  Minoris.    Upper  Culmination. 

+49.826 
+  .946 
+  5o.o68 
+     .189 

+       .3l2 

+     .435 

X  Ursae  Minoris.     Lower  Culmination. 

— 49.826 

—  .946 
— 5o.o68 

—  .189 

—       .3l2 

—  .435 

51  Cephei.    Upper  Culmination. 

+20.843 
+  .864 
+  .885 
+     .906 

51  Cephei.     Lower  Culmination. 

— 20.843 

—  .864 

—  .885 

—  .906 

d  Ursffi  Minoris.    Upper  Culmination. 


9     0 

+39.399 

— 3o.5oo 

8  5o 

+     .493 

—     .576 

8  4o 

+     .587 

.652 

8  3o 

+     .682 

.729 

8  20 

+     .778 

—     .806 

8  10 

+     .874 

—     .883 

2    45       0 

— 15.576 

+  i3.85o 

44  5o 

—     .591 

+     .864 

44  40 

—     .608 

+     .877 

44  3o 

—     .625 

+     .890 

45     0 

+  i6.83i 

— 12. 293 

44  5o 

+     .848 

—     .307 

44  4o 

+     .864 

—     .320 

44  3o 

+     .880 

—     .333 

3   24  2C 

24 

a4 


10 


— i2.45i 

+11.329 

.461 

+     .338 

—     .472 

+     ,347 

+  I6.834 
+  .848 
+     .862 


6  Urse  Minoris.     Lower  Culmination. 


3  24  20 
24  xo 
24     o 


+13.707 
+  .718 
+     .729 


—  9.773 

—  .781 

—  -790 


—16.834 

—  .848 

—  .862 
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o 
I 

2 

3 

4 
5 
6 

7 
8 


lO 
XI 
12 

i3 

i4 
i5 
]6 

I? 
i8 

19 


20 

21 
22 
23 

24 
25 

26 
27 
28 
29 


3o 
3i 

32 

33 

34 
35 
36 

37 
38 

39 


4o 

4i 
42 
43 
44 
45 
46 

47 
48 

49 


5o 
5i 

52 

53 

54 
55 
56 

57 
58 

59 


Cm.  Im. 


-  1 

0 

.0 

0 

.0 

0 

.0 

0 

.0 

0. 

.0 

0. 

.0 

o< 

.0 

0. 

0 

0. 

0 

0. 

0 

O.I 
O.I 
O.I 
O.I 
O.I 
O.I 
O.I 

0.2 

0.2 
0.2 


0.2 
0.2 

0.3 
0.3 
0.3 
0.3 
0.4 
0.4 
0.4 
0.5 


0.5 
0.5 
0.6 
0.6 
0.6 
0.7 
0.7 
0.7 
0.8 
0.8 


0.9 
0.9 
.0 
.0 
.1 
.1 
.2 
.2 
.3 
.3 


.4 
.4 
.5 
.5 
.6 
.6 

•7 
.8 

.8 
•9 


2.0 
2.0 
2.1 
2.2 
2.2 

2.3 

2.4 
2.4 

2.5 
2.6 


2m. 


2.7 
2.7 
2  ..8 
2.9 
3.0 
3.1 
3.1 

3.2 

3.3 
3.4 


3.5 
3.6 
3.7 
3.8 
3.8 
3.9 
4.0 

4.1 
4.2 
4.3 


4.4 
4.5 
4.6 

4.7 
4.8 

4.9 
5.0 
5.1 

5.2 

5.3 


5.4 
5.6 
5.7 
5.8 
5.9 
6.0 
6.1 
6.2 

6.4 
6.5 


6.6 
6.7 
6.8 
7.0 

7-1 
7.2 

7.3 

7.5 

7.6 

7-7 


7.8 
8.0 
8.1 
8.2 

8.4 
8.5 
8.7 
8.8 
8.9 
9.1 


Sin. 


9.2 

9.4 
9.5 
9.6 
9.8 
9.9 
0.1 
0.2 

0.4 
0.5 


0.7 
0.8 
i.o 
1.2 
1.3 
1.5 
1.6 
1.8 
1.9 
2.1 


7-7 

7-9 
8.1 

8.3 

8.5 

8.7 

8.9 

9.1 

9.3 

9.5 


4llL 


9-7 
9.9 

20.1 

20.3 

20.5 

20.7 

20.9 

21.2 

21.4 
21.6 


3i.4 
31.7 
31.9 

32.2 

32.5 
32.7 
33.0 
33.3 
33.5 
33.8 


34.1 
34.4 
34.6 

34.9 
35.2 
35.5 
35.7 
36.0 
36.3 
36.6 


2.3 

2.4 
2.6 
2.8 
2.9 
3.1 
3.3 

3.4 
3.6 
3.8 


4*o 

4.1 

4.3 
4.5 

4.7 
4.8 

5.0 

5.2 

5.4 
5.6 


5.8 
5.9 
6.1 
6.3 
6.5 

6.7 
6.9 

7-1 
7.3 

7.5 


21.8 
22.0 
22.3 

22.5 
22.7 
22.9 
23.1 

23.4 
23.6 
23.8 


24.0 
24.3 
24.5 

24.7 
26.0 

25.2 

25.4 
25.7 
25.9 
26.2 


26.4 
26.6 

26.9 
27.1 

37.4 

27.6 

27.9 

28.1 

28.3 

28.6 


28.8 

29.1 

29.4 
29.6 

29.9 

3o.t 

3o.4 
3o.6 
30.9 

3l.2 


36.9 
37.2 

37.4 
37.7 
38.0 
38.3 
38.6 
38.9 
39.2 
39.5 


39.8 
4o.  I 
4o.3 
40.6 
40.9 
4i.2 
4i.5 
4i.8 
42.1 
42.5 


42.8 
43.1 

43.4 
43.7 
44.0 
44.3 
44.6 

44.9 
45.2 
45.5 


45.9 
46.2 
46.5 
46.8 

47.1 
47.5 
47.8 
48.1 

48.4 
48.8 


5llL 


49.1 
49.4 

49.7 
5o.i 

5o.4 
50.7 
5i.i 

5i.4 
51.7 

52.1 


611L 


52.4 
52.7 
53.1 
53.4 
53.8 

54.1 
54.5 
54.8 
55.1 
55.5 


55.8 
56.2 
56.5 
56.9 
57.3 
57.6 
58.0 
58.3 
58.7 
59.0 


59.4 
59.8 
60.1 
60.5 
60.8 
61.2 
61.6 
61.9 
62.3 
62.7 


70.7 
71. 1 
71.5 
71.9 
72.3 
72.7 
73.1 
73.5 
73.9 
74.3 


7UL       BUL 


74.7 

75.1 

75.5 
75.9 
76.3 
76.7 
77.1 
77.5 

77-9 
78.3 


78.8 
79.2 
79.6 
80.0 

80.4 
80.8 
81.3 
81.7 
82.1 
82.5 


63.0 

63.4 
63.8 
64.2 
64.5 

64.9 
65.3 
65.7 
66.0 
66.4 


66.8 
67.2 
67.6 
68.0 
68.3 
68.7 
69.1 
69.5 
69.9 
70.3 


83. o 

83.4 
83.8 
84.2 

84.7 
85.1 

85.5 

86.0 

86.4 
86.8 


87.3 
87.7 
88.1 
88.6 
89.0 
89.5 
89.9 
90.3 
90.8 
91.2 


91.7 
92.1 
92.6 
93.0 
93.5 
93.9 

94.4 
94.8 
95.3 
95.7 


96.2 
96.7 
97.1 
97.6 
98.0 
98.5 
99.0 

99.4 
99.9 

00.4 


00.8 
01.3 
01.8 
02.3 
02.7 

03.2 

03.7 
04.2 
04.6 
o5.i 


o5.6 
06.1 
o6.6 
07.0 
07.5 
08.0 
08.5 
09.0 
09.5 
0.0 


0.4 
0.9 

1.4 
1.9 

a.4 
2.9 

3.4 
3.9 

4.4 
4.9 


5.4 
5.9 

6.4 
6.9 

7.4 

8.4 

8.9 

9.5 

20.0 


20.5 

21.0 

21.5 

22.0 

23.5 
23.1 

23.6 

24.1 

24.6 

25.1 


25.7 
26.2 
26.7 
27.2 

27.8 
28.3 

28.8 

29.3 

29.9 

3o.4 


30.9 
3i.5 

32.  o 

32.6 
33.1 
33.6 
34.2 

34.7 
35.3 

35.8 


36.3 
36.9 

37.4 
38.0 
38.5 
39.1 
39.6 
4o.2 
40.7 
4i.3 


41.8 

42.4 
43.0 
43.5 

44.1 
44.6 
45.2 
45.8 
46.3 
46.9 


47.5 
48.  o 
48.6 
49.2 

49-7 
5o.3 

5o.9 

5i.5 

52.  o 

52.6 


53.2 
53.8 
54:4 
54.9 
55.5 
56.1 
56.7 
57.3 
57.8 
58.4 


9llL 


59.0 
59.6 
60.2 
60.8 
6».4 
62.0 
62.6 
63.2 
63.8 
64.4 


65.  o 
65.6 
66.2 
66.8 

67.4 
68.0 
68.6 
69.2 
69.8 
70.4 


lOiiLlllm.1 


196.3 
197.0 
197.6 
198.3 
198.9 
199.6 
200.3 
200.9 
201.6 
202.2 


237.5 
238.3 
239.0 
239.7 

240.4 
241.1 
241.9 
242.6 
243.3 
244.1 


202.9 

•-s44.« 

2o3.6 

245.5 

204.2 

246.3 

204.9 

247.0 

2o5.6 

247-7 

206.3 

248.5 

206.9 

249.2 

207.6 

249.9 

208.3 

250.7 

208.9 

25i.4 

71 .0 

209.6 

71.6 

210.3 

72.2 

211. 0 

72.9 

211. 7 

73.5 

212.3 

74.1 

2l3.0 

74.7 

213.7 

75.3 

214.4 

75.9 

2X5.1 

76.6 

2i5.8 

2d2.2 

253. o 
253.6 

254.4 
255.1 
255.9 
256.6 

257.4 
258.1 
258.9 


77.2 
77.8 

78.4 
79.0 

79-7 
80.3 

80.9 

81.6 

82.2 

82.8 


83.5 
84.1 

84.7 
85.4 
86.0 
86.6 
87.3 
87.9 
88.5 
89.2 


216.4 
217. X 
217.8 
2x8.5 
219.2 
219.9 
220.6 
221.3 
222.0 
222.7 


259.6 

260.4 
261. 1 
261.9 
262.6 
263.4 
264.1 
264.9 
265.7 

266.4 


223.4 
224.1 
224.8 

225.5 

226.2 
226.9 
227.6 

228.3 

229.0 
229.7 


267.2 

268.0 
268.7 

269.5 
270.3 
271.0 
271.8 
272.6 
273.3 
274.1 


89.8 

90.5 
91. 1 

91.8 

92.4 
93.1 

93.7 

94.4 

95.0 

95.7 


230.4 
23l.I 

23x.8 

232.5 
233.2 

234.0 

234.7 

235.4 

236.x 

236.8 


274.9 
275.6 

276.4 

277.2 

278.0 

278.8 

279.5 

280.3 

281. 1 

281.9 
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8ac 

12  m. 

lam. 

Mm. 

15  nL    16111. 

17  m. 

ism.   19 m.  .2010. 

21  m. 

o 

** 
282.7 

331.7 

384.7 

441.6 

5o2.5 

567.2 

635.9 

** 
708.4 

784.9 

865.3 

I 

283.5 

332.6 

385.6 

442.6 

5o3.5 

568.3 

637.0 

709.4 

786.2 

866.6. 

a 

284.3 

333.4 

386.6 

443.6 

5o4.6 

569.4 

638.2 

7x0.9 

787.5 

868.0 

3 

285.0 

334.3 

387.5 

444.6 

5o5.6 

570.5 

639.4 

712. X 

788.8 

869.4 

4 

285.8 

335.2 

388.4 

445.6 

5o6.7 

571.6 

640.6 

7x3.4 

790.1 

870.8 

5 

286.6 

336. 0 

389.3 

446.5 

507.7 

572.8 

64x.7 

7x4.6 

791.4 

872.1 

6 

287.4 

336.9 

390.2 

447.5 

5o8.8 

573.9 

642.9 

715.9 

792.7 

873.5 

7 

288.2 

337.7 

391.2 

448.5 

509.8 

575.0 

644.x 

717. X 

794.0 

874.9 

8 

289.0 

338.6 

392.1 

449.5 

510.9 

576.x 

645.3 

718.4 

795.4 

876.3 

9 

289.8 

339.4 

393.0 

45o.5 

5x1.9 

577.2 

6^6.5 

710.6 

706.7 

877.6 

lO 

290.6 

340.3 

393.9 

451.5 

5x3. 0 

578.4 

647.7 

720.9 

79&.0 

679.0 

II 

291.4 

341.2 

394.9 

452.5 

5i4.o 

579.5 

648.9 

722.1 

799.3 

880.4 

12 

292.2 

342.0 

395.8 

453.5 

5i5.i 

58o.6 

65o.o 

723.4 

800.7 

881.8 

i3 

293.0 

342.9 

396.7 

454.5 

5i6.i 

581.7 

65i.2 

724.6 

802.0 

883.2 

i4 

293.8 

343.7 

397.6 

455.5 

517.2 

582.9 

652.4 

725.9 

8o3.3 

884.6 

i5 

294.6 

344.6 

398.6 

456.5 

5i8.3 

584.0 

653.6 

727.2 

804.6 

886.0 

i6 

295.4 

345.5 

399.5 

457.5 

5x9.3 

585.1 

654.8 

728.4 

806.0 

887.4 

I? 

296.2 

346.4 

4oo.5 

458.5 

520.4 

566.2 

656. 0 

729.7 

807.3 

888.8 

Id 

297.0 

347.2 

401.4 

459.5 

521.5 

587.4 

657.2 

730.9 

808.6 

890.2 

19 

297.8 

348.1 

4o2.3 

460.5 

522.5 

588.5 

658.4 

732.2 

809.9 

891.6 

20 

298.6 

349.0 

4o3.3 

461.5 

523.6 

589.6 

659.6 

753.5 

bii.3 

693.0 

21 

299.4 

349.8 

4o4.2 

462.5 

524.6 

590.8 

660.8 

734.7 

812.6 

894.4 

22 

3oo.2 

350.7 

4o5.i 

463.5 

525.7 

591.9 

662.0 

736.0 

813.9 

895.8 

23 

3oi.o 

351.6 

4o6.i 

464.5 

526.8 

593.0 

663.2 

737.3 

8i5.2 

897.2 

24 

3oi.8 

352.5 

407.0 

465.5 

527.9 

594.2 

664.4 

738.5 

816.6 

898.6 

25 

3o2.6 

353.3 

4o8.o 

466.5 

528.9 

595.3 

665.6 

739.8 

817.9 

900.0 

26 

3o3.5 

354.2 

408.9 

467.5 

53o.o 

596.5 

666.8 

74x.i 

819.2 

901.4 

27 

3o4.3 

355.1 

409.0 

468.5 

53i.i 

597.6 

668.0 

742.3 

820.5 

902.8 

28 

3o5.i 

356. 0 

4x0.0 

469^5 

532.2 

598.7 

669.2 

743.6 

821.9 

904.2 

29 

3o5.9 

356.9 

411.7 

470.5 

533.2 

599.9 

670.4 

7^4.9 

823.2 

905.6 

3o 

306.7 

357.7 

412.7 

471.5 

534.3 

601.0 

67X.6 

746.2 

824.6 

907.0 

3i 

307.5 

358.6 

4x3.6 

472.6 

535.4 

602.2 

672.8 

747.4 

825.9 

908.4 

32 

3o8.4 

359.5 

4i4.6 

473.6 

536.5 

6o3.3 

674.1 

748.7 

827.3 

909.8 

33 

309.2 

360.4 

4x5.5 

474.6 

537.6 

604.5 

675.3 

750.0 

828.6 

911. 2 

34 

3io.o 

361.3 

4x6.5 

475.6 

538.7 

6o5.6 

676.5 

751.3 

829.9 

912.6 

35 

3io.8 

362.2 

4i7«4 

476.6 

539.7 

606.8 

677.7 

752.6 

831.2 

914.0 

36 

3ii.6 

363.1 

4x8.4 

477*^ 

540.8 

607.9 

678.9 

753.8 

832.6 

915.5 

37 

3i2.5 

364. 0 

419.4 

478.7 

541.9 

609.1 

680.1 

755.x 

833.9 

916.9 

38 

3i3.3 

364.8 

420.3 

479-7 

543.0 

610.2 

681.3 

756.4 

835.3 

918.3 

39 

3i4.i 

365.7 

421.  3 

480.7 

544.1 

611. 4 

682.6 

757.7 

836.6 

019.7 

4o 

3i5.o 

366.6 

422.2 

481.7 

545.2 

612.5 

683.8 

759.0 

Sb».o 

921 .1 

4i 

3i5.8 

367.5 

423.2 

482.8 

546.3 

613.7 

685. 0 

760.2 

839.3 

922.5 

42 

3i6.6 

368.4 

424.2 

483.8 

547.4' 

6x4.8 

686.2 

761.5 

840.7 

923.9 

43 

317.4 

369.3 

425.1 

484.8 

548.4 

6x6.0 

687.4 

762.8 

842.0 

925.3 

44 

3i8.3 

370.2 

426.1 

485.8 

549.5 

617.2 

688.7 

764.1 

843.4 

926.8 

45 

319. 1 

371. 1 

427.0 

486.9 

55o.6 

618.3 

689.9 

765.4 

844.7 

928.2 

46 

319.9 

372.0 

428.0 

487.9 

551.7 

6x9.5 

691. 1 

766.7 

846.1 

929.6' 

47 

320.8 

372.9 

429.0 

488.9 

552.8 

620.6 

692.4 

768.0 

847.5 

931.0 

48 

321.6 

373.8 

429.9 

490.0 

553.9 

621.8 

693.6 

769.3 

848.9 

932.4 

49 

322.4   374.7 

430.9 

491.0 

555.0 

623.0 

694.8 

770.6 

85o.2 

933.8 

5o 

323.3 

375.6   431.9 

492.0 

556.1 

624.x 

696.0 

771.9 

b5i.6 

9^5.2 

5i 

324.1 

376.5   432.8 

493.1 

557.2 

625.3 

697.3 

773.1 

852.9 

936.6 

52 

325. 0 

377.4 

433.8 

494.1 

558.3 

626.5 

698.5 

774.5 

854.3 

938.1 

53 

325.8 

378.3 

434.8 

495.2 

559.4 

627.6 

699.7 

775.8 

855.7 

939.5 

54 

326.7 

379.3 

435.8 

496.2 

56o.5 

628.8 

701.0 

777.1 

857.1 

940.0 
942.3 

55 

327.5 

38o.2 

436.7 

497.2 

561.6 

63o.o 

702.2 

778.4 

858.4 

56 

328.4 

38i.i 

437.7 

498.3 

562.7 

63i.2 

703.5 

779-7 

859.8 

943.8 

57 

329.2 

382. 0 

438.7 

499.3 

563.9 

632.3 

704.7 

781.0 

861. 1 

945.2 

58 

33o.o 

382.9 
383.8 

439.7 

5oo.3 

565. 0 

633.5 

705.9 

782.3 

862.5 

946.6 

50 

T^o.9 

440.6 

5oi.4 

566.1 

634.7 

707.1 

783.6 

863.9 

948.1 

Aa 
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8ac 

|22iil|  23 m. 

24111. 

25111. 

20111. 

27111. 

28111. 

29111. 

30  m.  1  31  m. 

o 

949.6 

i 1037.8 

It 
t  1139.9 

f  X335.9 

** 
\  x335.9 

1439.7 

If 
1537.5 

1649.0 

1764.6  1884.0 

I 

951.0 

» 1039.3 

\  xi3i.4 

, 1337.5 

1337. 6 

i43i.4 

1539.3 

i65o.9 

1766. C 

> 1886.0 

a 

95a./ 

io4o.8 

II33.0 

X339.3 

1339.3 

X433.3 

i54i.i 

x653.8 

1768. 5 

1888.0 

3 

953.8 

1043.3 

XI34.6 

I330.8 

i33i.o 

1434.9 

1543.9 

i654*7 

1770.5 

1890.0 

4 

955.3 

1043.8 

XI36.3 

xa33.5 

1333.7 

1436.7 

i544.8 

1656.6 

1773./ 

\  1893.1 

5 

956.7 

X045.3 

1x37.8 

X334.X 

x334*4 

1438.5 

x546.6 

1658.5 

1774.4 

1894.1 

6 

958.  a 

io46.8 

1x39.3 

1335.7 

X336.X 

x44o.3 

i548.4 

x66o.^ 

X776.3 

1896.1 

7 

959.6 

io48.3 

1x40.9 

1337.3 

x337.8|i443.x 

i55o.a 

1663.3 

1778.3 

1898.1 

8 

961. 1 

X049.8 

1x43.5 

1339.0 

1339.5 

1443.9 

i553.x 

1664.3 

1780.3 

1900.3 

9 

96a.  5 

to5i.3 

1x44. 0 

I340.6 

i34i.3 

1445.6 

1553.9 

1666. X 

1783.3 

1903.3 

xo 

963.9 

io53.6 

1x45.6 

1343.3 

1343.9 

1447.4 

1555.8 

1668.0 

1784.2  1904.3 

II 

965.4 

I054.3 

1x47.3 

1343.9 

x344*6 

1449.3 

1557.6 

1669.9 

X786. 2*1906. 3 

la 

966.9 

1055.9 

1x48.8 

X345.6 

1346.3 

x45x.o 

1559.5 

1671.9 

1788. 2;  1908. 4 

i3 

968.3 

X057.4 

xx5o.4 

1347.3 

x348.o 

X453.8 

i56i.3 

1673.8 

1790. I 

1910.4 

i4 

969.8 

io58.9 

1X53. 0 

1348.9 

i349*7 

1454.5 

i563.3 

1675.7 

X 793.x 

1913.4 

i5 

971. a 

1060.4 

1x53.6 

i35o.5 

i35i.4 

1456.3 

i565.o 

1677.6 

1794.1 

1914.4 

i6 

973.7 

io6a.o 

1x55.3 

X353.3 

i353.3 

X458.I 

I 566. 9 

1679.5 

1796.1 

1016.5 

»7 

974.1 

io63.5 

1x56.8 

X353.8 

X354.9 

1459.9 

X568.7 

168X.4 

1798. X  19x8.5 

i8 

975.5 

i665.o 

ii58.3 

X355.5 

1356.6 

x46x.6 

X570.5 

X683.3 

x8oo.o  1930.6 

19 

977.0 

1066.5 

1x59.9 

1357. I 

1358.3 

1463.4 

1573.4 

i685.3 

1803.0  1933.6 

ao 

978.5 

1068. I 

xx6x .6 

X358.8 

i36o.i 

x465.a 

x574.3 

16^7.3 

xbo4. 011934. 7 

ai 

979-9 

1069.6 

1x63. X 

ia6o.4 

x36i.8 

1466.9 

1576. X 

1689.1 

x8o5.9 

1936.7 

aa 

981.4 

1071 .1 

X164.7 

IS63.1 

X363.5 

1468.7 

1578.0 

1691.0 

1807.9 

1938.8 

aS 

983.9 

1073.6 

1166.3 

X363.7 

1365.3 

1470.5 

1579.8 

1693.9 
1694.8 

1809.9 

1930.8 

a4 

984.11 

1074.3 

1167.9 

X365.4 

1367.0 

1473.3 

x58i.7 

X811.9 

1933.9 

a5 

985.8 

1075.7 

X169.5 

1367.0 

1368.7 

X474.0 

1583.5 

1696.7 

1813.9 

1935.0 

s6 

987.3 

1077.3 

1171.X 

X368.7 

1370.4 

1475.9 

x585.3 

X698.6 

x8i5.8 

1937.0 

«7 

988.^ 
990.3 

1078.7 

1x73.7 

1370.3 

1373.1 

1477-7 

1587.3 

1700.5 

X817.8 

1939.0 

38 

1080.3 

XX74.3 

1373. I 

1373.9 

1479-5 

1589. X 

1703.5 

1819.8 

1941. I 

29 

991.8 

io8x.8 

1x75.9 

X373.7 

1375.6 

x48i.3 

1590.9 

1704.4 

i8ax.8 

1943. I 

3o 

993.3 

iob3.3 

1x77.5 

X375.4 

1377.4 

X483.X 

1 593 . 7 

X  706 . 3 

i833.b|i945.a| 

3i 

994.7 

1084.8 

1179.X 

1377. I 

X379.0 

X484.9 

1594.6 

1708.3 

x8a5.8 

1947.3 

3a 

996.3 

1086.4 

X180.7 

X378.8 

i38o.8 

x486.7 

1596.5 

17x0.3 

1837.8 

1949.3 

33 

997.6 

1087.9 

1x83.3 

1380.4 

1383.5 

1488.5 

1598.3 

17x3. I 

1839.8 

1951.3 

34 

999.1 

1089.5 

X183.9 
xi85.5 

1383. I 

X384.3 

1490.3 

i6oo.3 

17x4.0 

i83i.8 

1953.4 

35 

1000.6 

109X.0 

X383.8 

X385.9 

1493. X 

x6o3.i 

17x5.9 

1833.8 

1955.5 

36 

looa.i 

1093.6 

X187.1 

X385.5 

1387.7 

1493.9 

1604.0 

17x7.9 

1835.8 

1957.6 

37 

ioo3.5 

1094. I 

1x88.7 

1387. X 

1389.4 

1495.7 

1605.9 

X719.8 

1837.8 

1959.6 

38 

ioo5.o 

1095.7 

XX90.3 

1388.8 

1391.3 

1497.5 

1607,7 

1731.7 

1839.8 

1961.7 

39 

1006.5 

1097.3 

1191.9 

I 390 . 5 

1 393 . 9 

1499.3 

1609.6 

1733.6 

x84i.8 

1963.7 

4o 

1008.0 

1098.8 

1193.5 

1393.3 

1394.7 

i5oi.i 

16x1.5 

I 735 . 6 

1843.8  1965. 8| 

4i 

1009.4 

1x00.3 

XX95.X 

1393.8 

1396.4 

x5o8.9 

x6i3.3 

X737.5 

X845.8 

X967.8 

4a 

1010.9 

1101.9 

XX96.7 

1395.5 

1398. a 

I 5o4 . 7 

i6i5.a 

1739.5 

1847.8 

1969.9 

43 

10x3.4 

ixo3.4 

1198.3 

1397.3 

X  399 . 9 

x5o6.5 

X617.X 

1731.5 

1849.8 

1973.0 

44 

X013.9 

iio5.o 

XX99.9 

X398.9 

x4ox.7 

i5o8.4 

16x9.0 

1733.4 

x85x.8 

1974. I 

45 

iox5.4 

I 106.5 

I30I.5 

x3oo.5 

x4o3.4 

l5l0.3 

i6ao.8 

1735.3 

X853.8 

1976. 1 

46 

10x6.9 

I 108. I 

I3o3.I 

i3oa.a 

i4o5.3 

x5ia.o 

1633.7 

1737.3 

1855.8 

X978.3 

47 

X018.4 

X 109.6 

1304.7 

i3o3.9 

I 4o6 . 9 

i5i3.8 

1634.6 

1739.3 

X857.8 

X980.3 

48 

1019.9 

xixi.a 

X3o6.4 

x3o5.6 

x4o8.7 

x5i5.6 

1636.5 

1741.S 

1859.8 

X983.4 

49 

I03I.4 

ma. 7 

I 308 . 0 

1307.3 

1410.4 

x5i7.4 

1638.3 

1743. I 

1861.8 

1984.4 

So 

I033.b 

11x4.3 

1309.6 

1309.0 

l4l3.3 

x5i9.a 

i63o.3 

1745. I 

1063.8 

1986.5 

Si 

1034*3 

iii5.8 

I3II.3 

x3xo.7 

x4i3.9 

x5ax.o 

x633.x 

1747.0 

X865.8 

1988.6 

5a 

X035.8 

XXI7.4 

X3I3.9 

i3xa.4 

i4i5.7 

X533.9 

1634.0 

1749.0 

1867.8 

1990.7 

53 

1037.3 

11x8.9 

i3x4>5 

i3x4.x 

x4i7-4 

x534.7 

1635.9 

1750.9 

1869.8 

1993.7 

54 

X038.8 

Xiao. 5 

X3l6.X 

x3i5.7 

i4i9*3 

x536.5 

X637.7 

1753.9 

1871.8 

1994.8 

55 

xo3o.3 

1X33.0 

13x7.7 

1317.4 

1430.9 

x538.3 

1639. 6 

1754.8 

X873.8 

1996.9 

56 

io3i.8 

ixa3.6 

I3I9.4 

x3x9.x 

1433.7 

i53o.3 

x64x.5 

1756.8 

1875.9 

1999.0 
sooi.oj 

57 

1033.3 

xib5.x 

I33I.0 

I330.8 

X434.4 

x533.o 

X643.3 

1758.7 

1877.9 

58 

X034.8 

X136.7 

1333.6 

1333.5 

X436.3 

X533.8 

X645.3 

1760.7 

1879.9 

aoo3.i 

59 

I036.3 

1138. 3 

1334*3 

1334.3  1437. 9I 

1535.6 

X647.X 

X763.6 

1883.0 

80o5.3 

Table   X.^^Beduotion  to  the   Meridian. 
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Sac  32111. 


o 
I 

a 
3 

4 
5 
6 

7 
8 


lo 
II 

12 

i3 

i4 
i5 
i6 

I? 
i8 

»9 


20 
21 
22 
23 

24 
25 
26 
27 
28 
29 


3o 
3i 

32 

33 

34 
35 
36 

37 
38 

39 

4o 

4i 

4a 
43 

44 
45 
46 

47 
48 

ASL 


5o 
5i 

52 

53 

54 
55 
56 

57 
58 

59 


2007.4 
2009.4 
201 I. 5 
20I3.6 
2015.7 
2017.8 
9019.9 
2022 . o 

2024 • I 
2026.2 


2028 .  15 
2o3o.5 
2o32 . 5 
2034.6 
2o36.7 
2o38.8 
2040.9 
2043.0 

2045 . 1 

2047 . 2 


2o49 . 3 
2o5i.4 
2o53.5 
2o55 . 7 
2057.8 
2059.9 
2062.0 

2064.1 
2066.2 
2068.3 


2070.4 
2072.6 

2074.7 
2076.8 
2078.9 
2081.0 
2083.2 
2o85 . 3 

2087.4 
2089.6 

2091.7 
2093.8 
2095.9 
2098.0 
2100.2 
2102.3 
2104.5 
2106.6 
2108.8 
2110.9 


34.6 
36.8 
38.9 

4x.i 
43.2 
45.3 
47.5 

49*7 
5i.8 

53.9 


34  m. 


56.1 
58.3 
60.5 
62.6 
64.8 
66.9 
69.1 
71.2 

73.4 
75.6 


77.8 

79-9 
82.1 

84.3 

86.4 
88.6 
90.8 
93.0 
95.2 
97.3 


99.5 
2201.7 
2203.9 
2206 . I 
2208.3 

22I0.5 
2212.7 

2214.9 
2217. I 
2219.3 

2221. 5 
2223.7 
2225.9 
2228.1 
2230.3 
2232.5 
2234.7 

2236.9 


2265.6 
2267.8 
2270.0 
2272.2 
2274.5 
2276.7 
2278.9 
2281.2 

2283.4 

2285.6 


2287.8 

2290.0 
2292.3 
2294.5 
2296.8 
2299.0 
2301.3 
23o3.6 
23o5.8 
23o8.o 


23I0.2 
23l2.4 

23x4.7 
23x6.9 
2319.2 

2321.5 

2323.7 
2325.9 

2328.2 

2330.4 


2332.7 

2334*9 
2337.2 

2339.4 
234X.7 
2343.9 
2346.2 
2348.5 
235o.7 
2353. o 


2355.2 
2357.5 
2359.7 
2361.9 
2364.2 

2366.4 

2368.7 

2371.0 

2239. X  2373.3 


2241.3 


2Xl3.X 
2Xl5.2 

2II7.4 
2II9.6 
2I2I.7 

2123.8 

2126.0 
2128. I 
2i3o.3 

2X32.4 


2243 . 5 
2245.7 
2247.9 

225o.X 
2252.3 

2254.5 
2256.7 
2a58.9 
2261.1 
2263.4 


2375.5 


2377.8 
238o.x 

2382.4 
2384.6 
2386.9 
2389.2 
2391.5 
2393.7 
2396.0 
2398.3 


35  m. 


2400.6 
2402.9 

24o5.2 

2407 . 5 
2409.8 

24X2.0 

24x4.3 
24x6.6 
2418.9 

2421. 2 


2423.5 
2425.8 
2428 . I 
2430.4 
2432.7 
2435.0 
2437.3 
2439.6 

2441.9 
2444.2 


2446.5 
2448.8 
245x.i 

2453.4 
2455.7 
2458. o 
2460.3 
2462.6 

2464.9 
2467.2 


2469.5 
2471.8 
2474.2 
2476.5 
2478.8 
2481. I 
2483.5 
2485.8 
2488.x 
2490.4 


2492.8 
2495 . X 
2497-4 
2499.7 

25o2.I 

25o4.4 
2506.7 
2509.0 

25ii.4 
25x3.7 


25x6.1 
25x8.4 

2520.8 
2523.1 

2525.4 
2527.7 
253o.i 

2532.4 
2534.8 
2537.1 


Past  Sbooitd. 


m. 
5 

6 


8 


10 


XI 


12 


x3 


i4 


x5 


16 


«^ 

o 

o 
20 
3o 
40 
5o 

o 
10 
20 
3o 
4o 
5o 

o 
xo 
20 
3o 
4o 
5o 

o 
10 
20 
3o 
40 
5o 

o 
xo 
20 
3o 
4o 
5o 

o 
xo 

20 

3o 

40 

5o 

o 

xo 

20 

3o 
4o 
5o 
o 
xo 

20 

3o 

40 

5o 

o 

xo 

20 

3o 

40 

5o 

o 

xo 

20 

3o 

40 

5o 
o 


o.ox 
o.ox 

O.OI 

0.02 
0.02 

0.02 

0.02 
0.02 
o.o3 
o.o3 
o.o3 
o.o4 
o.o4 
o.o4 
o.o5 
o.o5 
o.o5 
0.06 
0.06 
0.07 
0.07 
0.08 
0.08 
0.09 
0.09 
o.xo 
o.xx 
o.xx 

O.X2 

o.x3 

o.i4 
o.x5 

o.x5 
o.x6 
0.X7 
0.18 
0.X9 
0.20 

0.22 
0.23 

0.24 
0.25 
0.27 
0.28 

o.3o 
o.3x 

0.33 
0.34 

0.36 
0.38 
0.39 

0.41 
0.43 
0.45 

0.47 
0.49 

0.52 

0.54 
0.56 
0.59 
0.61 


fR.   «. 

16  o 
xo 
20 
3o 
4o 
5o 

17  o 
xo 
20 
3o 
4o 
5o 

x8  o 
xo 
20 
3o 
40 
5o 

19  o 
xo 
20 
3o 
4o 
5o 

20  o 
xo 

20 

3o 
4o 
5o 

21  o 
xo 

20 

3o 
4o 
5o 

22  o 
xo 
20 
3o 
40 
5o 

23  o 
xo 

20 

3o 
4o 
5o 
a4  o 
xo 
20 
3o 
4o 
5o 

25  o 
10 
20 

3o 

40 

5o 

26  o 


o.6x 
0.64 
0.67 
0.69 
0.79 
0.75 
0.78 
o.8x 

0.84 
0.88 
0.91 
0.95 
0.98 
.02 
.06 
.09 
.x3 
.18 
.22 
.26 
.3o 
.35 
.40 
.44 
.49 
.54 
.60 
.65 
.70 
.76 
.82 
.87 
.93 

•99 
2.06 

2.12 

2.19 

2.2^ 
2.32 
2.39 
2.46 
2.54 

2.6x 
2.69 

2.77 

2.85 
2.93 
3. ox 
3.XO 
3.18 
3.27 
3.36 
3.45 
3.55 
3.64 
3.74 

3.94 
4.o5 
4.i5 
4.26 


m. 
26 


27 


28 


29 


3o 


3i 


32 


33 


34 


35 


36 


o 
xo 

20 

3o 
4o 
5o 
o 
xo 

20 

3o 
4o 
5o 

o 
xo 
20 
3o 
4o 
5o 

o 
xo 

20 

3o 
4o 

5o 
o 

10 

20 
3o 
4o 
5o 
o 
10 

20 

3o 
4o 
5o 
o 
xo 

20 

3o 
4o 
5o 
o 
xo 

20 

3o 

4o 

5o 

o 

10 

20 

3o 

4o 

5o 

o 

10 

20 
3o 
4o 
5o 
o 


4.26 

4.37 

4.48 
4.60 
4.72 
4.83 
4.96 
5.08 

5.20 

5.33 
5.46 
5.60 
5.73 
5.87 
6. ox 
6.x5 
6.3o 

6.44 
6.59 
6.75 
6.90 
7.06 
7.22 
7.38 
7.55 
7.72 
7.89 
8.06 
8.24 
8.42 
8.61 
8.79 
8.98 
9.X7 
9.37 
9.57 

9-77 

.9-97 
'xo.x8 

0.39 

o.6x 

0.82 

x.o4 
X.27 
x.5o 
1.73 
X.96 

2.20| 

2.44 
2.69 
2.94 

3. 19 
3.45 
3.71 
3.97 

4.24 
4.5i 

4.78 
5.06 
5.35 
5.63 


For  Rate. 


r. 


+ 


+3o 
29 
28 
27 
26 

25 

24 

23 

22 

21 

•20 

19 

18 

17 
16 

i5 

i4 
x3 

X2 
XX 
XO 

9 

8 

7 
6 

5 
4 


Log.  r.  fkelor, 


2 
X 
O 
X 
2 

3 

4 
5 
6 

7 
8 

9 

o 

I 

2 
3 

4 
5 
6 

7 
8 

9 
20 

2X 
22 
23 

24 
25 

26 
27 
28 
29 

^3o 


9.9996985 
7085 
7x86 
7286 
7387 

7487' 
7588 
7688 

7789 
7889 

7990 
8090 

8x91 

8291 

8392 

8492 

8593 

8693 

8794 
8894 
8995 
9095 
9x96 
9296 
9397 

'  9497 
9598 

9698 

9799 
9.9999899 

0.0000000 

O.OOOOXOI 

0201 
o3o2 
o4o2 
o5o3 
o6o3 
0704 
0804 
0905 
xoo5 
XX06 
X2o6 
x3o7 
x4o7 
x5o8 
x6o8 
X709 
1809 
19x0 
20x0 

2XII 
22X1 
23X2 
24X2 

25x3 
26x3 

27x4 

28x4 

29x5 

o.ooo3ox5 
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I  Logarithm  of  A. 


Altitudes   of  the   Sum. 


874  Table  XII. — Length  of  a  Degree  of  Long,  and  Lat. 


Geograph, 
Latitude. 


O 
I 
2 
3 

4 
5 
6 

7 

8 

9 
lo 

IX 
12 

i3 

i4 
i5 

x6 

I? 

i8 

»9 

20 
21 
22 
23 

24 
25 
26 

27 
28 
29 

3o 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

10 

20 
3o 
4o 
5o 
o 
10 
20 
3o 
4o 
5o 

32  o 

10 

20 

3o 
4o 
5o 

33  o 
10 
20 
3o 

4o 
5o 

34  o 
10 
20 
3o 

4o 
5o 

35  o 


Angle  of 
Vertical. 


3i 


o 
o 
o 
I 
I 
I 

2 
2 

3 
3 
3 
4 
4 
5 


0.00 
24*02 
48.02 
11.95 
35.80 
59.54 

23.12 

46.54 
9.76 

32.74 
55.47 
17.92 
4o.o6 
1.85 
5  23.28 

5  44.33 

6  4'95 
6  25. i4 

6  44.86 

7  4.09 
7  22.80 
7  40.99 

7  58. 61 

8  i5.66 
8  32. 10 

8  47.93 

9       3. 12 

9  17.65' 
9  3x.5o 
9  44.66 
9  57.12 

59.12 
x.xi 
3.07 
5.02 
6.94 
8.85 
X0.73 
X2.59 

14.44 

16.26 

18.06 

10  19.84 

21. 60 

23.34 
25. o5 
26.75 
28.43 

xo  3o.o8 
31.71 
33.32 
34*91 
36.48 
38.  o3 

xo  39.55 
4x.o6 
42.54 
44.00 

45.44 

46.86 

10  48.25 


Diir. 


Logarithm  of 
Earth's  Radius. 


10 


10 


24.02 
24.00 
23.93 
23.85 
23.74 
23.58 
23.42 

23.22 
22.98 
22.73 
22.45 

22.14 
21.79 

21.43 

21. o5 

20.62 

20.19 

9.72 

9.23 

8.71 

8. 19 
7.62 
7.05 

6.44 
5.83 
5.19 
4.53 
3.85 
3.16 
2.46 
2.00 

•99 
.96 

.95 

.92 

.91 

.88 

.86 

.85 

.82 

.80 

.78 

.76 

.74 

•71 
.70 

.68 

.65 

.63 

.61 

.59 

.57 

.55 

.52 

.5i 
.48 
.46 
.44 
.4a 
.39 


0.0000000 

9.9999996 

9982 

9961 

9o3o 

•  9891 

9.9999843 
9786 
9721 
9^48 
9566 
9476 

9.9999377 
9271 
9157 
oo35 
'8905 
8768 

9.9998624 
8472 

83x4 

8x49 

7977 

7799 
9.99976x4 

7424 
7228 
7027 
6820 
6608 

9.9996392 
6355 
63x9 
6282 
6245 
6208 

9.9996x71 

6x34 
6096 
6059 
6021 

5984 

9.9995946 
5908 
5870 
5832 
5794 
5755 

9.99957x7 
5678 
564o 
56ox 
5562 
5523 

9.9995484 
5445 
5406 
5367 
5327 
5288 

9.9995248 


Dur. 


4 
i4 
21 
3i 
39 
48 

57 
65. 

73 
82 
90 

99 
06 

i4 
22 
3o 

37 
44 

52 

58 
65 
72 

78 
85 

90 
96 
aoi 
ao7 
aia 

3l6 

37 
36 

37 

37 

37 

37 

37 
38 

37 
38 

37 
38 

38 

38 

38 

38 

39 

38 

39 

38 

39 

39 
39 

39 

39 

39 
39 

4o 

39 
4o 


D«[.  ofMeridian 
English  Feet. 


i 


362748.33 
749.43 
752.75 
758.28 
766.00 

775. 9x 

362788.01 
802.27 
8x8.68 
837.22 
857.86 
880.59 

362905.37 
932.18 
960.98 
991.74 

363024.42 
o58.99 

363oo5.4o 
i33.6i 
173.57 

2X5.23 

258.56 

3o3.49 

363349.96 

397.93 

447.34 
4o8.i3 

55o.24 
6o3.6o 

363658.14 
667.34 
676.58 

685.84 
695.14 
704.46 

3637x3. 81 
723.20 
732.61 
742.05 
751.52 
761.02 

363770.54 
780,10 
789.68 
799,29 
808.92 
8x8.58 

363828,27 
837.98 
847 . 72 
857.48 
867.26 
877.07 

363886.91 
896.77 
906.65 
916.55 
926.48 
936.43 

363946, 4o 


Diir. 


x.io 

3.32 

5,53 

7.72 

9.91 

12.10 

14.26 

16. 4x 

18.54 

20.64 

22.73 

24.78 

26.81 

28.80 

30.76 

32.68 

34.57 

36. 4i 
38.21 
39.96 
41.66 
43.33 
44.93 
46.47 
47.97 
49.41 
50.79 

52.  IX 

53.36 

54.54 
9.20 

9.24 
■9.26 
•9.30 
9.32 
9.35 
9.39 
9,41 
9.44 

9-47 
9*5o 

9.52 

•9.56 

9.58 

9.61 

9.63 

9.66 

9.69 

9.71 

9-74 
9.76 

9.78 
9.81 

9.84 
9.86 
9.88 
9.90 
9.93 
9.95 

9-97 


Deg.orParaileL 
English  Feet 


Difll 


365x85.71 
5i3o.47 
4964.74 
4688 . 57 
43o2 . o5 
38o5 . 29 

363198.43 

2481.64 
i655.i3 
0719. i3 

359673.92 
8519.79 

357257.07 
5886.13 
4407.36 
2821.19 
1128.07 

349328 . 5o 

347422 . 98 
5412.07 
3296.36 
x 076. 45 

338752.98 
6326.62 

333798.08 
ii68«ko 

328437.44 
56o6 . 89 
2677.27 

319649.44 

3x6524.29 
5994 . o3 
546x . 10 
4925.50 
4387.23 
3846.31 

3 I 3302.72 
2756.48 
2207.60 
I 656. 08 
IX01.91 
0545 . I I 

309985.68 
9423.63 
8858.95 
8291.66 
7721.76 
7149.25 

306574.14 
5996.43 
54x6. x3 
4833.24 
4247.77 
3659.72 

3o3o6o.io 
2475.91 
1880.16 

1281.84 

0680.97 

0077.55 

29947 I • 60 


55.24 
165.73 
276.17 
386.5s 
496.76 
606.86 
716.79 
826.51 
936.00 
1045. 2 I 

ii54.i3 
1262.72 

1370.94 
1478.77 
X586.I7 
1693.12 
1799.67 
1905.62 
2010.91 
2115.71 
2219.91 

2323.47 
2426.36 

2528.54 

2629.98 

2730.66 

2830.55 

2929.62 

3027.83 

3i25.i5 

530.26 

532.93 

535. 6o| 

538.27 

540.92 

543.59 

546.24 

548.68 

55i.52 

554.17 
556. 80 
559.43 
562 . o5 
564.68 
567 . 29 
569.90 
572.61 
675.11 
577.71 
58o.3o 
682.89 

585.47 
588. o5 
690.62 
693 . 1 o 
596.75 
598.32 
600.87 
6o3.42 
6o5 . 95 


Anolb  op  the  Ybrtical  and  Loo.  of  Earth's  Radius.  375 


LocarUhnoT 
Earth's  RwUua. 


GaoffFaph. 
Latnui-!. 


Anntoof 

Vertical. 


35  o 
lo 

20 

3o 
4o 
5o 

36  o 
lo 

30 

3o 
4o 
5o 

37  o 
10 
«o 
3o 
4o 
5o 

38  o 
10 

20 

3o 
4o 
5o 

39  o 
10 
20 
3o 
4o 
So 

^o  o 
10 
20 
3o 
4o 
5o 

4i  o 
10 
20 
3o 
4o 
5o 

42  o 
10 
20 
3o 
4o 
5o 

43  o 
10 

20 

3o 
4o 
So 

44  o 
10 
20 
3o 
4o 
So 

45  o 


II 


II 


II 


II 


10  48«2S 
49*63 
50.98 
52. 3i 
53.62 
54*90 

10  56. 16 

57.41 
58.63 
59.82 
1. 00 

2.l5 

3.28 
4*39 

5.47 
6.54 
7.58 
8.59 
9.59 
0.56 
I. Si 
2.44 
3.34 

4*22 

5. 08 
5.92 
6.73 
7.52 
8.29 
9.04 
9.76 
20.46 
21. i3 
21.79 
22.42 
23.02 

11  23.61 

24.17 
24*70 
2S.22 
2S.71 
26.18 

II  26.62 
27.04 
27.44 
27.82 
28.17 
28.50 

II  28.80 
29.08 

29.34 
29.58 
29.79 
29.98 
II  3o.i4 
30.29 

3o.4i 
3o.5o 
30.S7 
30.62 
3o.6S 


Dur. 


II 


.38 
.35 
.33 
.3i 
.28 
.26 

.25 

.22 
.19 
.18 
.iS 
.i3 
.11 
.08 
.07 

.04 
.01 
.00 

•97 
.95 

.93 

.90 

.88 
.86 

.84 
.81 

•79 
•77 
.75 
.72 
.70 
.67 
.66 
.63 
.60 
.59 
.56 
.53 

.52 

.49 
.47 
.44 
.42 
.40 
.38 
.35 
.33 
.3o 
.28 
.26 

.24 
.21 
.19 
.16 
.iS 
.12 
.09 
.07 
.oS 
.o3 


9.9995248 
,5208 
5169 
5129 
5089 
5o49. 

9.9995009 
4969 
4929 
4888 
4848 
4807 

9.9994767 
4726 
4686 
4645 
46o4 
4563 

9.9994522 
448 1 
4440 
4399 
4358 
4317 

9.9994276 

4234 
4193 
4i52 
4iio 
4069 
9.9994027 
3985 

3944 
3902 
386o 
3819 

9.9993777 
3735 
3693 
365 1 
3609 
3567 

9.999352S 
3483 

3441 
3399 
33S7 
33i5 
9.9993273 
323o 
3i88 
3i46 

3io4 
3062 

9.9993019 
2977 
2935 
2892 
a85o 
2808 

9.9992766 


Dur. 


4o 
39 
4o 
4o 
4o 
4o 
4o 
4o 

4i 
4o 

4i 
4o 

4i 
4o 

4i 
4i 
4i 
4i 
4i 
4i 
4i 
4i 
4i 
4i 
42 
4i 
At 
42 

4i 
42 
^42 
4i 
42 
42 
4i 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
43 
42 
42 
42 
42 
43 

42 

42 
43 
42 
42 
42 


Dag.  orMeridlan. 
Enflish  Feat. 


363946.40 

956 . 39 
966.41 
976.44 
986.49 
996.57 
364006.67 
016.78 
026.91 
037 . 07 
047 . 24 
057.43 

364067.64 
077.86 
088.10 
098.36 

108.64 
118.93 

364129.24 
139.56 
149.90 
160.25 
170.62 
iSt.oo 

364191*40 
201 .80 
212.22 
222.66 

233.  M 

243.57 

364254* o4 
264.52 
27S.01 
285. Si 
296.03 
3o6.5S 

364317.08 
327.62 
338.17 
348.73 
3S9.30 
369.87 

364380.45 
391.04 
4oi.64 
412.24 
422.85 

433.46 
364444.08 
454.70 
465.33 
475 . 06 


>.5< 


486.39 
497*23 

364507.87 
5i8.52 
529.16 
539.81 
55o.46 
S61.12 

364571.77 


Diir. 

9.99 

10.02 

10. o3 

10. o5 

10.08 

10.10 

10. II 

10. i3 

10.16 

10.17 

10.19 

10.21 

10.22 

10.24 

10.26 

1.0.28 

10.29 

10. 3i 

10.32 

10.34 

10.35 

10.37 

10.38 

10.40 

10. 4o 

10.42 

10.44 

10.45 

10.46 

10.47 

10.48 

10.49 

10. So 

10. 52 

10. 52 

10. S3 

10.54 

10. 55 

10. 56 

10.57 

10.57 

10.58 

10.59 

10.60 

10.60 

10.61 

10.61 

10.62 

10.62 

10.63 

10. 63 

10.63 

10.64 

10.64 

10. 65 

10. 64 

10. 65 

10. 65 

10.66 

10. 65 

Deg.  dfParallel. 
Engliab  Feet. 


299471*60 
8863.09 
8252.06 

7638.49 

7022.40 

64o3.8o 

29S782.67 

51S9.04 
4532.90 
3904*27 

.  3273.14 
2639.52 

292003.42 
1364*84 
0723.79 
0080.28 

289434.30 
8785.86 

288134*97 
7481* 63 
6825.85 

6167.64 
5S06.99 
4843.93 
284178.44 
3510.54 
2840.23 
2167.52 

1492.41 
0814*91 

28oi35.oi 

279452.75 
8768.10 
8081.09 
7391.71 
6699.07 

276005.89 
5309.46 
4610.68 
3909.56 
3206. 1 3 
25oo.36 

271792.28 
1081.89 
0369.19 

269654.19 
8936 . 90 
8217.32 

267495.45 
6771.31 

6o44 . 90 

5316.22 

4585.29 

3852. 10 

263116.67 

2379.00 

1639.09 

0896.96 

01 52. 60 

2S9406.03 

2S86S7.25 


Difl*. 


608. Si 
611 .o3 
613.57 
616.09 
618.60 
621 .i3 
623.63 

626.14 
628.63 
63i.i3 
633.62 
636.10 
638.58 
641.0S 
643.51 
645.98 

648.44 
650.89 
653.34 
655. 78 
658.21 
660. 65 
663. 06 

665.49 
667.90 
670.31 
672.71 
67S.11 
677.50 
679.90 
682.26 
684.65 
687.01 
689.38 

691.74 
694.08 
696.43 
698.78 
01.12 
o3.43 
o5 .  77 
08.08 
10.39 
12.70 
iS.oo 
17.29 
19.58 
21.87 
24.14 
26.41 
28.68 
30.93 
33.19 
35.43 
37.67 
39.91 
42.  i3 
44.36 
46.57 
48 .  78 


376  Table   XII. — ^Length  of  a  Degree  of  Long,  and  Lat«' 


G«ograph. 
Lfttituae. 


45 


SG 


47 


48 


49 


5o 


5i 


5a 


53 


54 


55 


o 
xo 

20 

3o 

4o 

5o 

o 

lO 
20 

3o 

4o 

5o 

o 

lO 
20 

3o 

4o 

5o 

o 

lO 
20 

3o 

4o 

5o 

o 

lO 
20 

3o 

4o 

5o 

o 

ID 
20 

3o 

4o 

5o 
o 

lO 

ao 
3o 
4o 
5o 
o 

lO 

ao 
3o 
4o 
5o 
o 

ID 

20 

3o 

4o 

5o 

o 

lO 

ao 
3o 
4o 
5o 
o 


Angle  of 
Vertical. 


II 


II 


II 


II 


II 


II 


II 


II 


II 


lO 


lO 


lo 


3o.65 
3o.65 
3o.63 
3o.58 
3o.5i 
3o.42 
3o.3i 
30.17 
3o.oi 
29.82 
29.61 
29.38 
29.1a 
28.85 

28.54 
28.32 
27.87 
27.50 
27.10 
26.69 
26.24 
25.78 
25.29 
24.78 

24.24 
23.69 

23.11 

22.  5o 

21.87 

21.22 

20.55 

9.85 

9.13 

8.39 

7.63 

6.84 

6.02 

5.19 

4.33 

3.45 

2.55 

1.62 

0.67 

9.70 

8.71 

7.69 

6.66 

5.60 

4.5i 

3.40 

2.37 

1. 12 

59.94 

58.74 

57.5a 

56.  a8 

55.02 

53.73 

5a.  4a 

5i  .09 

49.74 


Dur. 


.00 
.02 
.o5 
.07 
.09 
.11 

.14 
.16 
.19 
.21 

.23 

.26 
.27 
.3i 

.32 

.35 
.37 
.40 

.41 
.45 
.46 
.49 
.5i 

.54 
.55 
.58 
.61 
.63 
.65 

.67 
.70 
.72 

.76 

•79 
.82 

.83 

.86 

.88 

.90 

.93 

.95 

•97 

•99 
.02 

.o3 

.06 

.09 

.11 

.i3 

.i5 

.18 

.20 

.aa 

.24 
.a6 
.39 
.3i 
.33 
.35 


Logarithm  of 
Earth's  Radius. 


9 . 9993766 
3733 
2681 
2639 
2596 

2554 
9.9992512 

2470 
2427 
2385 
2343 
23oo 
9.9992258 
2216 

2174 

2l32 
2089 

2047 
9 . 9992005 
1963 
1921 
1879 
1837 
1795 
9.9991753 
I7II 
1669 
1627 

1 586 

x544 

9.9991502 

i46o 

i4i9 
1377 

1 335 

1394 

9.9991253 

I2XI 

1 1 70 

'  II28 

1087 

io46 

9.9991005 

0963 

0933 

0881 

o84o 

0800 

9.9990759 

0718 

0677 

0637 

0596 

o556 

9.9990515 

0475 
0435 
0395 
o355 
o3i5 
9 . 9990375 


Diir. 


43 
42 
42 
43 
42 

43 
4a 
43 
42 
42 
43 

43 
43 
42 
4a 
43 
42 
42 

42 

42 

/2 

42 
42 
42 
42 
42 

42 

4i 
4a 
42 
42 

4i 
4a 
42 
4i 
42 

41 
4i 
4a 
4i 
4i 
4i 
4a 
4i 
4i 
4i 
4o 
4i 
4i 
4i 
4o 

4i 
4o 

4i 
4o 
4o 
4o 
4o 
4o 
40 


Deg.  ofMeridian. 
English  Feet. 


364571 .77 
582.42 
593.08 
603.73 

6i4.38 
625.03 
364635.68 
646.33 
656.98 
667.62 
678.26 
688.90 

364699.54 
710.17 
720.80 
731.42 
742.03 
753.65 

364763.35 
773.85 
784.45 
795 . o4 
805.63 
816.19 

364836.75 
837.31 
847.86 
858. 4o 
868.93 
879.45 

364889.96 
900.46 
9x0.95 
931.43 
931.90 
942.36 

364953.80 
963.33 
973.65 
984*06 
994.45 

365oo4.83 

365ox5.3o 
035.55 
035.88 
o46.3o 
o56.5x 
066 . 79 

365o77.o6 
087.3a 
097 . 56 
107.78 
117.98 
138.17 

365 I 38. 34 
148.49 
i58.6x 
168.7a 
178.81 
188. 88 

365198.93 


Diff. 

10 

.65 

10 

.66 

10 

.65 

10 

.65 

10 

.65 

10 

.65 

XO 

.65 

10 

.65 

10 

M 

10 

.64 

10 

.64 

10 

.64 

10 

.63 

10 

.63 

10 

.63 

10 

.61 

10 

.63 

10 

.60 

10 

.60 

10 

.60 

10 

.59 

10 

.58 

10 

.57 

10 

.56 

10 

.56 

10 

.55 

10 

.54 

10 

.53 

10 

.53 

10 

.5i 

10 

.5o 

10 

.49 

10 

.48 

10 

.47 

10 

.46 

10 

.u 

10 

.43 

10 

.42 

10 

.41 

10 

.39 

10 

.38 

10 

.37 

10 

.35 

10 

.33 

10 

.33 

10 

.3i 

10 

.38 

10 

•27 

10 

.36 

lO 

.34 

10 

.33 

10 

.30 

10 

.19 

10 

•17 

10 

.i5 

10 

.12 

10. 

.11 

10. 

.09 

10. 

.07 

10. 

.o5 

Deg.  of  Parallel. 
English  Feel. 

358657. 25 
7906 . 26 
7153.08 
C397 . 7 1 
564o. 1 5 
4880.42 

254ii8.5i 
3354.43 
3588. 20 
1819.82 
1049.29 
0276.62 

249501 .81 
8734 . 88 
7945.83 
7164.66 
6381.39 
5596.01 

244808.54 
4018.98 

3237.34 
2433 .  6*2 

1637.84 

0839 . 99 

24oo4o . 09 

239238.14 
8434.x 5 
7628 . 1 2 
6820.07 
6009 . 99 

335197.90 
4383. 80 
3567 . 70 
2749.60 
1939.53 
1107.46 

330383.42 

229457.42 
8629.45 

7799 • 54 
6967.67 

6133.87 

335398.13 

4460.47 
3630 . 90 

2779.41 

1936.01 

1090.72 

220243 . 54 

219394.47 
8543 . 54 
7690 . 73 
6836. 06 
5979.53 

3x5isi .16 
4260.95 
3398.90 
a535.o4 
1669.35 

2 I 0801 .85 

209933.55 


Diff. 


750.99 
753.18 
755.37 
757.56 
759.73 
761 .91 
764.08 
766.33 
768 . 38 
770.53 
773.67 
774.81 
776.93 
779.05 
781.17 
783.37 
785.38 
787.47 
789.56 

791.64 
793.73 
795.78 
797.85 
799.90 
801.95 
803.99 
806. o3 
808 . o5 
810.08 
812.09 
814.10 
816.10 
818.10 
820.08 
822.06 
824.04 
826.00 
827.97 
829.91 
831.87 
833.80 
835.74 
837.66 
839.57 

841.49 
843.40 
845.29 
847.18 
849.07 
85o.o3 
852. 81 
854.67 
856.53 
858.37 
860.21 
862.05 
863.86 
865.69 
867.50 
869. 3<^ 


\ 


Angle  of  the  Vertical  and  Log.  of  Earth's  Radius.  377 


Deg.  of  Parallel. 
English  Feet. 


Geo^pl 
Lfttituaf 


Angle  of 
Vertical. 


o 

55  o 

lO 

ao 
3o 
4o 
5o 

56  o 

lO 

ao 
3o 
4o 
5o 

57  o 
10 
ao 
3o 
4o 
5o 

58  o 
xo 
20 
3o 
4o 
5o 

59  o 
10 
20 
3o 
4o 
5o 

60  o 
61 
6a 
63 
64 
65 
66 
67 
68 
69 
70 

71 
7a 

73 
74 

75 
76 

77 
78 

79 
80 

81 

83 

83  o 

84  o 
85 
86 

87 
88 
89 

I  90  o 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


o 
o 
o 
o 
o 


10 


10 


10  49.74 

48.36 
46.97 
45.55 

44.11 
4a.  65 
10  4i*i6 
39.65 
38.13 
36.58 
35.01 

33.41 
3i.8o 
3o.i6 
a8.5o 
a6.83 
a5.x3 
a3.4o 
21.66 
19.90 
18. II 
x6.3i 
14.48 
ia.63 
10  10.77 
8.88 
6.97 

5.o4 

3.08 

I. II 

9  59.12 

9  46.74 
9  33.65 
9  19.85 
9  5.36 
8  5o.2i 
8  34.40 
8  17.97 
8  0.92 
43.39 
a5.o8 
6.33 
47.06 
37.28 
7.03 
5  46.33 
5  a5.ao 
5     3.67 

41.77 
19.53 

56.96 

34.10 

10.98 

a  47.63 

a  34.07 

a     0.33 

36.44 
ia.43 
48.34 
a4.i8 


Dur. 


7 

7 

7 
6 

6 

6 


4 
4 
3 
3 
3 


I 
I 
o 
o 
o 


0.00 


.38 
.39 
.42 
.44 
.46 
.49 
.5i 

.53 

.55 

.57 
.60 
.61 

.64 
.66 

.67 
.70 
.73 

.74 
.76 

•79 
.80 

.83 

.85 

.86 

.89 

.91 

.93 

.96 

•97 

.90 

3.38 
3.09 
3.80 

4.49 
5.i5 
5.81 
6.43 
7.05 
7.63 
8.21 
8.75 
9.27 
9.78 

20.25 
20.70 
21. l3 

21.53 
21.90 

2a.  a4 
33.57 

33.86 
33.13 

33.35 
33.56 

23.74 
33.89 
34.01 
34.09 
34.16 
34.18 


Locarltbrn  of 
Earl's  Radiaa. 


9.9990375 
0335 
0195 

oi55 
0116 
0076 
9 . 9990037 
9.9989998 
9958 
9019 
9880 

9841 
9 . 998980a 

9764 
9725 
9686 
9648 
9610 
9.9989571 
9533 
9495 
9457 

9419 
9383 

9.9989344 
9307 
9269 
9333 
9195 
9i58 

9.9989131 
8903 
8688 

8479 
8375 

8077 

9.9987884 
7697 
7517 
7342 

7174 
7013 
9.9986859 
6713 
6573 

644 1 
63i7 
6201 

9.9986093 
5993 
590  X 
58x8 
5743 
5676 

9.9985619 
5570 
553o 
5498 

5476 

5463 

9.9985458 


Dlff. 


4o 
4o 
4o 
39 
4o 
39 
39 
4o 
39 
39 
39 
39 
38 
39 
39 
38 
38 
39 
38 
38 
38 
38 

37 
38 

37 
38 

37 

37 

37 

37 
219 

2l4 

209 

204 

199 

193 
187 
180 

175 

x68 
x6i 
x54 
x46 
i4o 

X32 

124 
116 
X08 
100 
92 
83 

75 
67 

57 

49 
40 

32 

22 

x3 

5 


Deg.  ofMeridian. 
Engliab  Feet. 


365198.93 
208.96 
2x8.97 
228.96 
238.92 
248.86 

365258.78 
268.68 
278.55 
288.40 
298.23 
3o8.o3 

3653x7. 80 
327.56 
337.29 
346 . 99 
35^.66 
366. 3x 

365375.93 
385.53 
395. xo 
4o4 . 64 
4x4. 16 
423.65 

365433.10 
442.53 
451.93 
46i.3o 
470.64 
479.95 

365489.23 
544.25 
598. xo 
650.70 
702.00 
751.94 

365800.44 
847.45 
892.91 
936.77 
978.97 

3660x9.45 

366o58.i7 
095.08 

i3o.x4 
i63.3o 

194.51 

223.74 
366250.96 
276.13 
299.21 
320.19 
339.02 
355.69 
366370.19 

382.49 
392 . 57 
400.43 
4o6.o4 
409.42 
3664x0.54 


Dilf. 


xo.o3 

10.01 

9.99 

9.96 

9.94 
9.92 
9.90 
9.87 
9.85 
9.83 
9.80 

9^77 
9.76 

9.73 

9.70 

9.67 

9-65 

9.62 

9.60 

9.57 

9.54 
9.52 
9.49 
^.45 
9.43 
9.40 
9.37 

9.34 
9.3x 
9.28 
55.02 
53.85 
52.60 
5i.3o 

49.94 
48. 5o 
47«ox 
45.46 
43.86 
42.20 
4o.48 
38.72 
36.91 
35.06 
33.16 

3x.2X 

29.23 
27.22 
25.17 

23.08 

20.98 

x8.83 

16.67 

x4.5o 

12. 3o 

10.08 

7.86 

5.61 

3.38 

1. 12 


209932 
9061 
8x88 
73x3 
6437 
5559 

204679 

.3797 
29x4 
2028 

ix4x 

200253 

199362 
8470 
7577 
668  X 

5784 
4885 

X93985 
3082 
2179 
X273 
o366 

189457 

188547 
7635 
6721 
58o6 
4889 
3971 
83o5i 

77499 
7x892 

66231 

6o52o 

54758 

48949 

43094 

37x95 

3x253 

25270 

19249 
x3i9o 
07097 
00970 
94812 
88625 
824x0 
76x69 
69905 
63620 

573x4 
50991 
4465 1 
38298 
3x933 
25559 
19176 
12787 

6394 
0000 


55 

U 
56 
89 
44 

23 

26 

54 
07 

87 

93 

28 

90 

82 

o4 

57 
42 

58 

08 

91 
09 

63 

52 

78 
43 
45 
86 
67 
90 
53 

s 

10 

84 
21 
95 
83 
63 

x4 

x8 

57 
i4 

78 

32 

66 
70 

32 

44 
97 

87 
07 

53 

17 

98 

93 

97 
08 

27 

49 
74 
00 


Dur. 


871. XI 

872.88 
874.67 
876.45 
878.21 
879.97 
881.72 
883.47 
885.20 
886.94 
888.65 
8Q0.38 
^2.08 
893.78 
895.47 
897,15 

898.84 
900 . 5o 
902.17 
903.82 
905 .46 
907 . I  X 
908 .  74 
9x0.35 
9x1.98 
9x3.59 
9x5.19 
916.77 
9x8.37 

9i9"94 
5552.34 
5607.x 5 
5660.26 
571X.63 
5761.26 
5809.12 
5855.20 
5899.49 
5941.96 
5982.61 
6021.43 
6o58.36 
6093.46 
6x26.66 
6x57.96 
6x87.38 
6214.88 
6240.47 
6264. xo 
6285.80 
63o5.54 
6323.36 
6339.19 
6353. o5 
6364.96 
6374.89 
6382. 8x 
63.88.78 
6398 . 75 
6394.74 
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Table   XIII. 


AugmetUatum  of  the  MooiCm  Semi-diameUr,  on 
account  of  fur  apparent  Altitude.  | 


App. 
Alt. 


Horliontal  Semi-diameter. 


Table   XIV. 


Reduction  of  the  Moon^s  equatorial  Parallax. 


o 

2 

4 
6 

8 


lo 

12 

i4 
i6 
i8 


30 

22 

24 
26 
28 

3b 

32 

34 
36 
38 

4o 
42 

44 
46 
48 

5o 

52 

54 
56 
58 

60 
62 

64 
66 
68 


70 
72 

74 
76 
78 

80 

82 

84 
86 
88 
90 


14  30 


15  0 


15  30' 16  0 


16  30 


o.io 
0.58 
i.o5 
i.5i 
1.98 

a. 44 
2.90 
3.36 
f.82 
4.28 

4.7a 
5.16 

5.60 

6.o3 

6.45 

6.86 
7.27 
7.67 
8.06 
8.43 

8.80 
9.16 
9.5i 

9-84 
10.16 


0.48 
0.78 
I '.07 
1.34 
1 .60 

1.84 
2.07 
2.29 

2.49 
2.68 

2.85 
3.00 
3.14 
3.27 
3.38 

3.47 
3.54 

3.60 

3.64 
3.67 
3.67 


0.12 
0.62 
1. 12 
1.62 
2.12 

2.62 
3. II 
3.61 
4.10 
4.58 

5.06 
5.53 
5.90 
6.45 
6.91 


7.35 
7.78 
8.21 
8.62 
9.03 

9.42 
9.80 
0.17 
0.54 
0.88 


1.22 
1.54 
1.84 

2.l4 

2.42 

2.68 
2.93 
3.16 
3.37 
3.58 

3.76 
3.92 
4.07 

4*21 

4.32 

4.42 
4.5o 
4.56 
4.61 
4.63 
4.63 


o.i3 
0.66 
1.20 

1.74 
9.27 

2.80 

3.33 

3.861 

4.38 

4.89 

5.4i 
5.91 

6.4i 
6.90 
7.38 

7.85 
8.32 
8.77 
9.22 
9*65 

0.07 
0.48 
0.88 
1.26 
1.63 


1.99 
2.33 
2.65 
2.97 
3.27 

3.55 
3.81 
4.06 
4.29 
4.5o 

4.70 
4.88 

5.o4 

5.18 

5 .30 

5.40 

5.49 
5.56 
5.60 
5.63 
5.64 


o.i4 
0.71 
1.28 
1. 861 
2.42 


2.99 
3.56 

4. II 

4.67 

5.22 


5.76 

6.3o 
6.83 
7.35 
7.87 

8.37 
8.87 
9.35 
9.83 
10.29 

0.74 
1. 17 
1.60 
2.01 
2.40 

9.78 
3.i5 
3.5o 
3.83 
4.i5 

4.44 
4.73 
4.99 
5.24 
5.46 

5.67 
5.86 
6.o3 
6.18 
6.3i 

6.42 
6.5i 
6.59 

6.64 
6.67 
6.68 


o.i5 
0.76 
1.37 
1.98 
2.58 

3.18 
3.78 
4.37 

4.97 
5.56 

6.  a 

6.71 
7.27 
7-83 
8.37 

8.91 

9.44 
9.95 
0.46 
0.95 

1.43 
1.89 

2.34 
2.78 
3.20 

3.60 
3.99 
4.36 
4.73 
5.o5 

5.37 
5.67 
5.95 
6.21 
6.45 

6.67 
6.88 
7.06 

7'".22 

7.36 

7-47 
7.57 

7.65 

7.70 

7.73 

7-74 


17  0 


0.17 
0.81 
1.46 
2.10 
2.75 

3.39 
4.02 
4.66 
5.28 
5.90 

6.52 
7.13 
7.72 
8.3i 
8.89 

9.46, 
0.02 
0.57 
1 .11 
1.63 

2.l4 

2.63 
3. II 
3.57 

4.02 

4:45 

4.86 

5.25 
5.63 
5.99 

6.32 
6.64 
6.94 
7.22 

7-47 


7.71 
7.92 
8.12 
8.29 
8.43 


56  4 


8. 
8.66 

8.74 
8.80 
8.83 
8.85 


8 

e 
O 
I 
2 

3 
4 

5 
6 

7 
8 


Moon's  Equatorial 
Parallax. 


53^  (  57^  I  6V 


10 

II 

12 

i3 
i4 

i5 
16 

17 
18 

^9 


20 
21 
22 

23 

24 

25 

26 

27 
28 
29 

3o 
3i 

32 

33 
34 

35 
36 

37 
38 

39 


o 

4i 
42 
43 

44 
45 


0.00 
0.00 
o.oi 
o.o3 
o.o5 

0.08 
0.12 
0.16 
0.20 
0.26 

0.32 

0.38 
0.46 

0.54 
0.62 


0.71 
0.80 
0.90 
1. 01 
1 .  12 


1.24 
1.36 
1.48 
1. 61 
1.75 

1.89 
2.o3 

2.18 

2.33 
2.48 

2.64 
2.80 
2.97 

3.i4 
3.3i 

3.48 
3.65 
3.83 
4.01 
4.19 

4.37 
4.55 

4.74 
4.92 
5. II 
5.29 


o.oo 
0.00 
o.oi 
o.o3 
0.06 


0.09 
0.12 
0.17 
0.22 
0.28 

0.34 
o.4i 
0.49 
0.57 
0.66 


0.76 
0.86 
0.97 
1.08 
1 .20 


1.33 
1.46 
1.59 
1.73 
1.88 

2.o3 

2.18 
2.34 

2.5o 
2.67 

2.84 
3.01 
3.19 
3.37 
3.55 

3.74 
3.93 
4.12 
4.3i 
4.5o 

4.70 
4.90 
5.09 
5.29 

5.49 
5.69 


0.00 
0.00 

O.OI 

o.o3 
0.06 


0.09 
o.i3 
0.18 
0.24 
o.3o 


0.37 
0.44 

0.52 

0.61 
0.71 

0.81 

0.92 

i.o4 

1. 16 
1.29 

1.42 
1.56 
1.70 
1.85 
2.01 


2.17 
2.33 
2.5o 
2.68 
2.86 

3.o4 
3.23 
3.42 
3.61 
3.80 

4.00 
4.20 

4.4i 
4.61 
4.82 


•a 
9 


45 
46 

47 
48 

49 


5o 
5i 

52 

53 

54 

55 
56 

57 
58 

59 

60 
61 
62 
63 
64 

65 
66 
67 
68 
69 

70 

71 
72 

73 

74 

75 
76 

77 
78 

79 

80 
81 
82 
83 
84 


Mooo^B  Equatorial 
Parallax. 


53^      57M  61 


5.03  85 
5.2486 
5.4587 
5.66  88 
5.8889 
6 .  09  90 


5.29 
5.48 
5.66 
5.85 
6.o3 

6.22 
6.4o 
6.58 
6.76 
6.94 

7. II 
7.29 

7.46 
7.63 

7-79 

7.96 
8.12 
8.27 
8.42 
8.57 

8.72 
8.86 
9.00 
9.13 
9.26 

9.38 
9.5o 
9.61 
9.71 
9.82 

9.91 
10.00 
10.09 
10.17 
10.24 

10. 3i 
10.37 
10.42 

10.47 
10. 5i 

10.55 
10.58 
10.60 
10.63 
10. 63 
10.63 


5.69 
5.89 
6.09 
6.29 
6.49 

6.69 
6.88 
7.08 
7.27 
7.46 

7.65 
.7.84 

8.02 

8.20 
8.38 

8.56 
8.73 
8.90 
9.06 
9.22 

9.38 
9.53 
9.67 
9.81 
9.95 


0.09 
0.21 
0.33 
0.45 
0.56 


0.66 
0.76 
0.85 
0.93 
1. 01 

1.08 
i.i5 
1. 21 
1.26 
i.3i 

1.35 
1.38 
1 .40 

1.42 

1.43 
1.43 


6.09 
6.3o 
6.52 
6.73 
6.94 

7.15 
7.36 
7.57 
7.7b 
7.98 


8.19 
8.39 
8.58 
8.78 
8.97 


9.16 
9.34 
9.52 
9.70 
9.87 

o.o4 
0.20 
0.35 
o.5o 
0.65 


0.79 
0.93 
1 .06 
1. 18 
i.3o 

1 .41 
i.5i 
1. 61 
1.70 
1.78 

1.86 
1.93 
1.99 
2.o5 
2.10 


3.l4 

a. 17 
a.  20 
a. 22 

2.23 
2.23 


Table   IV. 
'^OTtUax  0/  tkt  Smn  and  FUtult  at  i^trtnt  Altituiei. 


380  Table  XVI. — ^Moon's  Parallax   in  Right  Ascensioiv 


vw 

Moon's 
,Hor 

true  Declination,  U°. 

Moon's 
Horj 

true  Declination,  5**. 

Moon's  trufe  Dedini 
Horizontal  Part 

iiion,  10*>. 

lEontal  Parallax. 

Izontal  Parallax. 

tllaz. 

Hour 
Anvl3- 

53' 

57' 

6V 

53'    1     57' 

61' 

53' 

57^         61'     1 

Min. 

«. 

s. 

t. 

9. 

«. 

9. 

«. 

». 

«. 

5 

3.47 

3.73 

3.99 

3.48 

3.75 

4.01 

3.52 

3.79 

4.06 

10 

6.93 

7.46 

7-99 

6.96 

7.49 

8.02 

7.04 

7.58 

8. II 

i5 

10.39 

II. 19 

11.98 

10.43 

11.23 

12. o3 

10.55 

11.36 

12.17 

20 

13.85 

14.91 

15.96 

13.90 

14.96 

16. o3 

x4.o6 

i5.i4 

16.21 " 

25 

17.30 

18.62 

19.94 

17.36 

18.69 

20.02 

17.57 

18.91 

20.25 

3o 

20.74 

22.32 

23.91 

20.82 

22.41 

24.00 

2X.o6 

22.67 

24.28 

35 

24.17 

26.01 

27.86 

24.26 

26. IX 

27.97 

24.54 

26.42 

28.30 

4o 

27.59 

29.69 

3i.8o 

27.69 

29.81 

31.93 

28.02 

3o.i6 

32. 3o 

45 

30.99 

33.36 

35.73 

3i.ii 

33.49 

35.87 

31.47 

33.88 

36.29 

5o 

34.38 

37.01 

39.64 

34.51 

37.15 

39.79 

34.92 

37.58 

4o.25 

55 

37.75 

4o.64 

43.52 

37.90 

40.79 

43.69 

38.34 

41.27 

44.20 

6o 

4i  .11 

44.25 

47.39 

41.27 

44.42 

47.57 

41.75 

44.94 

48.13 

65 

44.44 

47.83 

5x.23 

44.61 

48. 02 

5i.43 

45.13 

48.58 

52.  o3 

70 

47.75 

5i.4o 

55. o5 

47-94 

5i.6o 

55.26 

48. 5o 

62.20 

55.91 

75 

5i.o4 

54.94 

58.84 

5x.24 

55. x5 

59.07 

5i.84 

55.80 

59.76 

80 

54.30 

58.45 

62.60 

54.51 

58.68 

62.84 

55. i5 

59.36 

63.58 

85 

57.54 

61.93 

66.33 

57.76 

62.17 

66.59 

58.44 

62.90 

67.37 

90 

60.75 

65.39 

70.03 

60 .  98 

65.64 

70.30 

61.70 

66.41 

71.12 

95 

63.93 

68.81 

73.69 

64.17 

69.07 

73.98 

64.92 

69.88 

74.84 

100 

67.08 

72.20 

77.32 

67.33 

72.47 

77.62 

68.12 

73.32 

78.53 

io5 

70.19 

75.55 

80.91 

70.46 

75.84 

81.22 

71.28 

76.72 

"82. 17 

no 

73.27 

78.86 

84.46 

73.55 

79.16 

84.78 

74.41 

80.09 

85.77 

ii5 

76.31 

82.14 

87.97 

76.61 

82.45 

88. 3o 

77.50 

83.42 

89.34 

120 

79.32 

85.37 

91.43 

79.63 

85.70 

91.78 

80. 56 

86.70 

92.85 

125 

82.28 

88.56 

94.85 

82.60 

88.90 

95.21 

83.57 

89.95 

96.33 

i3o 

85.21 

91.71 

98.22 

85.54 

92.07 

98.60 

86.54 

93.14 

99.75 

i35 

88.10 

94.82 

loi .54 

88.44 

95.18 

101.93 

89.47 

96.29 

I03.I2 

i4o 

90.94 

97.88 

104.82 

91.29 

98.25 

I05.22 

92.36 

99.40 

106.45 

145 

93.74 

X00.89 

108.04 

94.10 

10X.27 

108.45 

95.20 

102.46 

X09.72 

i5o 

96.49 

X03.85 

III. 21 

96.86 

104.24 

III. 63 

97-99 

io5.46 

112.94 

i55 

99.20 

X06.76 

1x4.32 

99.58 

107.17 

114.76 

100.74 

108.42 

116. XO 

160 

IOI.85 

109.61 

X17.38 

102.24 

no.o3 

117.83 

io3.44 

1 1.1 .  32 

119. 21 

170 

107.01 

xi5.i6 

123.32 

107.43 

ii5.6i 

123.80 

X08.68 

116.96 

126.24 

x8o 

III. 97 

120.49 

129.02 

I I 2 . 4o 

120.96 

129.52 

113.71 

122.37 

x3i.o3 

X90 

116.70 

125.58 

134.47 

117. i5 

126.07 

134.99 

118. 52 

127.54 

X36.57 

200 

X2I.2I 

i3o.43 

139.66 

121.67 

130.93 

x4o.2o 

123.09 

132.46 

x4x.83 

210 

125.48 

1 35. 02 

144.57 

125.96 

135.54 

145. i3 

127.43 

137.12 

146.82 

220 

129.51 

139.35 

149.20 

i3o.oi 

139.89 

149.78 

x3i.52 

i4i.52 

161.62 

23o 

133.29 

x43.4i 

153.54 

i33.8o 

143.96 

i54.i3 

135.36 

145.64 

166.93 

240 

x36.8o 

147.19 

157.59 

137.33 

147 -7^ 

x58.i9 

i38.93 

149.48 

x6o.o3 

25o 

i4o.o6 

150.69 

161.32 

i4o.6o 

i5i.27 

161 .94 

142.23 

i53.o3 

163.83 

260 

x43.o4 

153.89 

164.75 

143.59 

i54.48 

X65.38 

145.26 

i56.28 

167.30 

270 

145.75 

i56.8o 

167.85 

i46.3i 

157.40 

x68.5o 

i48.oo 

169.23 

170.46 

280 

148.17 

159.40 

170.63 

148.74 

x6o.oi 

171.29 

i5o.47 

161.87 

173.28 

290 

i5o.3i 

161 .70 

173.09 

150.89 

162.32 

173.75 

1 52. 64 

1 64 . 20 

176.77 

3oo 

l52. 16 

163.68 

175.20 

152.75 

x64.3x 

175.87 

i54.52 

166.22 

177.92 

3io 

153.72 

165.35 

176.99 

x54.3i 

165.99 

177.66 

i56.io 

167.91 

179.72 

320 

154.99 

166.71 

178.43 

155.58 

167.34 

179. It 

157.38 

169.28 

181.19 

33o 

155.95 

167.74 

179.53 

x56.55 

168.38 

180.23 

158.36 

X70.33 

182.30 

340 

i56.62 

168.45 

180.29 

157.22 

169.10 

180.98 

I 59 . o4 

171.05 

183.07 

35o 

x56.99 

168.85 

180.70 

157.59 

169.49 

181.39 

159.42 

X71.45 

183.49 

36o 

157.06 

168.92 

180.77 

157.66 

169.56 

181.46 

159.49 

171.52 

183.56 

370 

X57.43 

169.31 

181. 18 

159.25 

171.26 

183.S7 

38o 

s 

158.72 

170.63 

182.64 

FOR  Cambridge  Observatory,  Lat.  42°  22'  48".6.    381 


Hour 
Ancle. 

Mood's  true  Declination,  \5°. 

Moon's  true  Declination,  2U<*. 

Moon's  true  Declination,  35<*. 

Horisontal  Parallax. 

53'     I     57^         6V 

Horizontal  Parallax. 

53^         57^         6P 

Horizontal  FardUax. 

53'    1     57'         61' 

Min. 
5 

XO 

i5 

20 
25 

3o 

3.59 

7.17 

X0.76 

x4.34 
17.91 
21.48 

3'.86 

7.73 
11.69 

16.44 
19.28 

23.12 

4**14 
8.28 

X2.4l 

X6.54 
20.66 
24.76 

3.69 

7.38 

1 1 .  07 

14.74 
18.42 
22.08 

3.97 

7.94 
11.91 

16.87 

19.83 

23.77 

s. 

4.26 

8.5i 
12.76 
17.00 

21.24 

25.46 

3'."83 
7.66 
11.48 
i5.3o 
19.11 
22.91 

4.12 

8.24 

12.36 

16.47 
20.67 
24.66 

8.83 
i3.24 
17.64 
22.  o3 
26.41 

So 

4o 
45 
5o 
55 
6o 

26.0^ 
28.57 

32.10 

35.61 

39.10 

42.57 

26.94 
30.75 

34.65 
38.33 
42.09 
46.83 

28.86 
32.94 
37,01 
4i  .06 
45.08 
49.08 

26.74 
29.38 
33.00 
36. 61 

4o.20 
43.78 

27.71 
31.62 
35.63 

39.41 
43.28 
47.12 

29.68 
33.87 
3a.o5 
42.21 
46.36 
60.47 

26.70 

30.47 
34.23 
37.98 
41.70 
46. 4i 

2«.74 
32.80 
36.85 
40.88 
44.89 
48.88 

30.78 

35.14 

39.47 
43.79 

48.09 

52.36 

66 
70 

75 
80 
85 
90 

46.  o3 
49.45 
52.86 
56.24 
59.59 
62.91 

49.54 
63.23 
66.90 
6o»54 
64.14 
67.72 

53.06 
67.02 
60.94 
64.84 
68.70 
72.53 

47.32 

60. 85 
54.36 
67.83 
6X.28 
64.69 

60.94 

64.74 
68. 6x 
62.26 
66.96 
69.63 

54.57 
58.63 
62^67 
66.67 
70.65 
74.68 

49.09 
62.76 
56.38 
69.98 
63.66 
67.10 

.  62.tt4 
66.78 
60 .  69 
64.67 
68.42 
72,23 

5b.  60 
60.82 
65. 01 
69.16 
73.28 
77.37 

95 
100 
io5 
no 
ii5 
120 

66.21 

69.47 
72.69 
75.88 
79.03 
82.14 

71 .26 

74.77 
78.24 

81.67 

86.06 

88. 4i 

76.32 
•80.08 
83. 80 

87.47 
91.10 

94.69 

68.08 
71.43 

74.74 
78.02 
81.26 
84.46 

73.28 
76.88 
80.46 
83.98 

87.47 
90. 9x 

78.48 

82.34 
86.17 
89.96 
93.68 
97.37 

70.61 
74.09 
77.53 
80.93 
84.29 
87.61 

76.01 
79.75 
83.45 
87.11 
90.73 
94.30 

bi.4i 
85.42 
89.38 
93.30 
97.17 
loi .00 

12D 

i3o 
i35 
i4o 
i45 
i5o 

b5.22 

88.25 
91.24 
94.18 
97.08 
99.93 

9X.72 

94.98 

98.20 

IOI.36 

104.48 

107.66 

98.23 
101.72 
106.17 
108. 65 

XIX. 89 

116.17 

87.62 
90.74 
93. 8x 
96.84 
99. 8x 
102.74 

94.31 

97.67 

100.97 

io4.23 

107.43 

XI0.68 

101.01 
104.60 
108. i4 
III. 62 
116.06 
118.42 

90.88 

94.11 
97.30 

100.44 
io3.63 
106.67 

97.82 
xoi.3o 
104.73 
lod.ii 
III. 43 
114.70 

104.77 
108. 5o 
112. 17 
116.78 
1 1 9 . 34 

122.84 

160 
170 
180 
190 
200 

102. 7J 
io5.48 
1x0.82 
115.95 
120.85 

125.52 

II0.56 
113.62 
1x9.27 
124.78 
i3o.o6 
x36.o7 

1x8. 4o 
121.66 
127.72 
133.62 
X39.26 
X44.63 

X05.62 
108.46 
113.94 
X19.21 

X24.26 

129.06 

XI3.68 
1x6.72 

122.63 

128.30 
133.72 
138.87 

121.74 
124.99 
i3i.32 
137.39 
143.19 
148.70 

109.55 
112.48 
118. 18 
123.65 
128.87 
133.84 

117. 91 
121 .06 
127.19 
133.07 
138.69 
i44.o3 

126.27 
129.66 
i36.2i 
i42.5o 
i48.5i 
i54.23 

2x0 
220 
23o 
240 
25o 
260 

129.94 
134.IX 
i38.02 
i4i .66 
145.02 
i48.ii 

139.82 
144. 3i 
i48.6i 
162.42 
x66.o3 
169.35 

149.71 
164. 5i 

169.00 

i63.i8 

167.06 

I 70 . 69 

133.69 
137.88 
141.90 
146.64 
X49.10 
162.27 

143.76 
X48.36 
162.68 
166.70 
160.42 
x63.82 

153.93 
168.86 

163.47 
167.77 

171.74 
176.38 

138.55 
143.00 
147.16 
161. o3 
164.62 
X67.90 

149.10 
163.87 
168.35 
162.61 
166.36 
169.89 

169.66 
164.76 

169.54 
173.99 
178. II 
181.88 

270 

280 

290 
3oo 
3io 
320 

150.91 

i53.42 
i55.63 
167.55 
169.16 
x6o.46 

162.35 
x66.o6 
167.42 
169.48 
X71.20 
172.60 

173.80 
176.68 
179.22 

181. 4x 
i83.25 

184.74 

x55.i4 
167.72 
X69.99 
161.96 
x63.6i 
164.96 

166.91 
169.67 

172. IX 

174.22 
176.99 
177.43 

178.68 
181. 63 
184.24 
186.49 
188.38 
189.91 

160.89 
163.66 
166.91 

167.94 
169.66 

171 .o4 

173.09 
176.96 
178.48 
180.66 

182,49 
183.98 

ib6.3o 
188. 36 
191.06 
193.38 
196.34 
196.92 

3io 
34o 
35o 
36o 
370 
38o 

161 .40 
162. i5 
162.53 
162.60 
162.37 
161.83 

173.67 
174.40 
174.80 
174.87 

174.61 
X74.02 

i85.«7 
186.66 
187.08 

187.14 
186.86 
x86.2i 

166.98 
166.68 
167.07 

167.14 
166.90 
166.33 

178.52 
179.28 
179.69 
179.76 
179.48 
178.87 

191.07 
191.87 
192.30 
192.37 
192.07 
191.40 

172.10 
172.83 
173.23 
173.30 

173.04 
172.46 

186. II 
186.89 
186. 3i 
186.38 
186.09 
186.45 

198.12 
198.96 
199.39 
199.46 
199.14 
198.44 

390 
4oo 
4io 
420 

X60.97 
169.81 

173.09 
171.84 

186.21 
183.87 

166.46 
164.26 
162.76 
160.94 

177.91 
176.62 
176.00 
173.04 

190.37 
188.99 
187.24 
186. i4 

171.53, 
170.20 
168.73 
166.86 

184.45 
i83.li 
181.43 
179.40 

197.37 
196.93 
194.13 
191 .94' 

382     Table   XYI. — ^Moon's  Parallax  in   Declination 


Hoar 

Anjile. 


m. 

o 
20 
4o 
60 
80 

100 
120 

i4o 

x6o 
180 

200 

220 

24o 

260 

280 

3oo 

320 

340 
36o 
38o 


Moon's  tnie  Declination,  0^. 


Horizontal  Parallax. 


53' 


2160. I 
2160.0 
2169.8 
2159.3 
2i58.6 

2157.8 
2x56.8 
2i55.6 
2i54.3 

2X52.8 
2X5X.2 

3x49.4 
2447-6 
2145.7 
2143.7 

2x41.7 
2139.6 
2137.5 
2x35.3 


57' 


2325.2 
2325.1 

2324.7 
2324.2 
2323.4 

2322.4 
2321.3 

23x9.9 
23x8.3 
23x6.6 

23x4.8 

23X2.8 

23x0.7 

23o8.4 
23o6.x 

23o3.8 
230X.3 
2298.9 
2296.4 


61' 


2490.5 
2490.4 

2490 4 o 
2489 . 3 
2488.4 

2487.3 
2486.0 

2484.4 
2482.6 
2480.7 

2478.6 
2476.3 
2473.8 
2471.3 
2468.6 

2465.9 
2463.1 
2460.3 
2457.5 


Moon's  true  DoeUnation,  5°  N. 


Horizontal  Parallax. 


53' 


X945.9 
X946.6 
X948.8 
1962.3 
1967.2 

1963.5 
X971.0 
X979.7 
1989.6 
2000.6 

20x2.5 
2026.3 
2o38.9 
2o53.x 
2667.9 

2083.2 

2098 . 7 
2ii4.5 
2i3o.3 


57' 


2094.7 
2096 . 5 
2097.8 

2XOX.6 

2106.8 
21x3.5 

2X2X.5 

2x3o.8 

2x4i.4 
2x53. X 

2x66.8 

2x79.4 
2x93.9 
2209.1 
2224.9 

224X.X 

2267.7 

2274.4 
229X.3 


61' 


2243.8 

2244.6 
2247.0 
226X .0 
2266.6 

2263.7 
2272.2 
2282 . I 

2293.3 

23o5.7 

23x9.2 
2333.7 
2349.x 
2365.2 
238X.9 

2399.1 
24x6.7 

2434.4 
2462.3 


Moon's  troe  DaeUnatlon,  10*  N. 


Horizontal  Parallax. 


53' 


X716.3 
X7X7.8 

X722.4 
X729.9 

X740.4 

1753.7 
X769.7 
1788.3 

1809.4 
1832.8 

x858.2 

X885.4 

X914.4 

1944.7 
1976.2 

2008 . 7 
2o4x.8 
2076.3 
2x09.0 

2X42.6 


57' 


1847.7 
1849.3 
1854.2 
1862.3 
1873.5 

X887.8 
1906.0 
X925.0 
1947.6 
1972.6 

1999.9 
2029.1 
2060 . I 
2092.6 
2126.4 

2l6x.2 
2196.7 
2232.6 
2268.7 

23o4.6 


61 


1979.3 
1981.1 
1986.3 

1994.9 
2006 . 9 

2022.2 
2o4o . 5 
2061.8 
2086.0 
2x12.7 

2x4x.8 
2173.0 
S206.I 
2240 . 8 
2276.8 

23x3.9 
2351.7 
2389.9 

2428.4 
2466.7 


Moon's  Parallax  in  Declination 


Hoar 
Angle. 


m. 

o 
20 
4o 
60 
80 

100 

X20 

i4o 
160 

180 

200 
220 
24o 
260 

280 

3oo 

320 

34o 
36o 


Moon's  troe  Declination,  0". 


Horizontal  Parallax. 


53' 


2x6o.i 
2x60.0 
2x69.8 
2x69.3 
2x58.6 

2x67.8 
2x66.8 
2x65.6 
2x64.3 
2162.8 

2x61.2 

2x49.4 
2x47.6 
2x46.7 
2x43.7 

2i4x.7 
2x39.6 
2x37.5 
'2x35.3 


57' 


2325.2 
2325.1 

2324.7 

2324. d 

2323.4 

2322.4 
232X.8 

23x9.9 
23x8.3 
23x6.6 

23x4.8 

23X2.8 

23x0.7 

23o8.4 
23o6.x 

s3o3.8 
230X.3 
2298.9 
2296.4 


61' 


2490.5 

2490.4 
2490 . o 

2489.3 

2488 .4 

2487.3 
2486.0 

2484.4 
2482.6 
2480.7 

2478.6 
2476.3 
2473.8 
2471.3 
2468.6 

2466.9 
2463.x 
2460.3 
2457.5 


Moon's  tme  Declination,  5**  S. 


Horizontal  Parallax. 


53' 


2357.3 

2356.4 
2353.8 
2349.3 
2343.x 

2335.2 
2325.6 
23x4.5 

23o2.X 

2288.2 

2273.x 
2266.9 
2239. 
222X.7 

2203.0 

3x83.7 
2164.0 
2i44«i 


57' 


2637.3 
2536.3 

2533.4 
2628.5 

252X.7 

25x3. X 
2602.8 
2490.8 
2477.2 
2462 . X 

2445.8 

2428.2 
2409 . 5 
2389.9 
2369.6 

2348.7 

2327.4 
23o5.8 


6r 


2717.4 
27x6.4 
2713.2 
2708.0 
2700. 

269X.4 
2680.2 
2667.2 
2662.5 
2636.2 

26x8.5 
2699.6 

2679.4 
2668.3 

3536.4 

25x3.8 
2490.8 
2467.6 


Moon's  tmeDedlnaUon,  IV*  S. 


HorisoDtai  Parallax. 


53' 


2536.x 

2634.4 
2629.3 
2620.9 
2609.x 

2494.2 

2476.3 

2455.5 

243x. 

2406 


:I 


57' 


2377.4 
2346.0 
23x4.5 
2280.6 
2245.3 

2209.0 
217X.9 


2729.4 
2737.6 
2722.1 
2712.9 
2700.2 

2684.x 
2664.7 
2642 . 2 
26x6.7 
2688.5 

2657.7 
2624.7 
2489 . 7 
2453.0 
24x4.9 

2376.7 
2336.7 


61' 


2923.0 
2921 .0 
29x6.1 

2906 . 3 
2891.6 

2874.3 

2853.4 
2829.1 
2801 .7 
2771.3 

2738.2 
2702 . 7 
2665.0 
2625.5 
2584.5 

2642 . 4 
2499*3 


' 


FOR  Cambridqe  Observatory,  Lat.  42^  22'  48''.6.  383 


Moon*B  trae  Declination,  15*  N. 

Moon's  trne  Declination,  W*  N. 

Mood's  trae  Declinaiion,  SA*  N. 

HorlzoBua  Parallu. 

Horizontal  Parallax. 

Horixomal  Parallax. 

Hoar 

And- 

53^ 

57' 

61' 

53' 

57' 

61' 

53'            57'     '      61' 

m. 
O 

1473.2 

i586.o 

1699.0 

I2I8.3 

i3ii.7 

i4o5.2 

953.6 

1026. (^    1100.2 

20 

1475.5 

1588.5 

1701.7 

1221.4 

i3i5.o 

i4o8.8 

957.6 

io3i.i 

I Lo4 . 7 

4o 

1482.4 

1595.9 

1709.7 

1230.7 

i325.o 

1419.5 

969.2 

1043.5 

1118.0 

6o 

1493.9 

1608.3 

1722.9 

1246. 0 

i34i.5 

1437.2 

988.3 

1064.1 

ii4o.i 

8o 

1509.8 

1625.4 

1741.3 

1267.4 

1364.5 

i46i.6 

1014.8 

1092.7 

1170.7 

lOO 

i53o.i 

1647.2 

1764.6 

1294.5 

1393.6 

1493.0 

io48.6 

1129.0 

1209.6 

120 

1554.5 

1673.5 

1792.7 

1327.1 

1428.8 

i53o.6 

1089.2 

1172.8 

1256.5 

i4o 

1582.9 

1704.0 

1825.3 

i365.i 

1469.6 

1574.3 

1136.5 

1223.6 

i3]o.9 

i6o 

i6i5.o 

1738.5 

1862.2 

i4o8.o 

i5j5.8 

1623.8 

1189.9 

I28I.1 

1372.5 

i8o 

i65o.6 

1776.7 

1903. I 

1455.6 

i566.9 

1678.5 

J  249 . 1 

1344.8 

1440.7 

aoo 

1689.3 

1818.3 

1947*6 

i5o7.3 

1622.6 

1738.1 

i3i3.6 

i4i4.2 

i5i5.o 

220 

1730.9 

X863.0 

1995.3 

1562.9 

1682.3 

I 802 . 0 

1382.7 

1488.6 

1594.7 

24o 

•  1775.0 

1910.4 

2045.9 

1621.9 

.1745.7 

1869.8 

1456.1 

1567.5 

1679.2 

26o 

1821.3 

1960.0 

2098.9 

1683.7 

1812.2 

1940.9 

i533.i 

i65o.3 

1767.8 

280 

1869.3 

2011.6 

ai54.i 

1747.9 

1881.2 

2014.7 

i6i3.i 

1736.3 

1859.8 

3oo 

1918.8 

2064 . 7 

2210.8 

1814. I 

1952.3 

2090.6 

1695.4 

1824.8 

1954.4 

320 

t 

1969.3 

2118.9 

2268.6 

1881.6 

2024.8 

2168. I 

1779.5 

1915.2 

2o5i.o 

340 

2020.4 

2173.7 

2327.x 

1940.0 
2018.6 

2098.2 

2246.5 

1864.6 

2006.6 

2148.8 

36o 

2071.7 

2228.8 

2385.9 

2171.9 

2325.3 

1950.1 

2098.4 

2246.9 

38o 

2122.9 

2283.7 

2444.5 

2087 . I 

2245.4 

24o3.8 

2035.3 

2190.0 

2344.8 

4oo 

2173.6 

2338.0 

2502.5 

2154.8 

23i8.i 

2481.4 

2119.7 

2280.6 

244 I . 6 

420 

2221.4 

2389.5 

2557.6 

2202.5    2369.5 

2536.5 

440 

2283.2    2456.1 

2629. c 

FOR  Cambridge  Observatory,  Lat.  42^  22^  48'^6. 


Hoar 
Amcle. 


Moon*s  trae  Declination,  li**  S. 


Horixontal  Parallax. 


53' 


m. 

O 

20 

4o 
6o 

8o 

lOO 
I20 

i4o 
i6o 
i8o 

200 
220 

24o 
a6o 

280 

3oo 


57' 


2694 . 9 
2692 . 5 

2685. o 
2672.7 
2655.6 

2633.9 
2607.7 
2577.3 
2542.9 
25o4.8 

2463.3 
24x8.7 
2371.5 
2321.9 
2270.4 
2217.4 


2900.1 
2897.5 

2889.4 
2876.1 
2857.6 

2834.2 
28o5 . 9 
2773.0 
2735.9 
2694 • 7 

2649.8 
2601.7 
255o.7 
2497.2 

244 I . 6 
2384.5 


61' 


3xo5.6 
3x02.7 

3094 . o 
3079 . 7 
3059.9 

3o34.6 
3oo4 • 2 
2968,9 
2928.9 
2884.7 

2836.5 

2784.8 

2730.0 

2672.5 

2612. 

355 


Moon's  trae  Declination,  90^  S. 


Horizontal  Parallax. 


53> 


V.l 


2832.8 
2829.5 
28x9.8 
2803.8 
2781.4 

2753.0 
27x8.8 
2679.1 
2634.1 
2584.3 

253o.i 
2471.9 

24X0.2 

2345.4 
2277.1 


57' 


// 


3o48.2 

3o44.7 
3o34.2 
30x6.9 
2992 . 7 

2962 . X 
2925.x 
2882.2 
2883.7 
2780.0 

272X.5 
2658.7 
2592, X 

2522.2 
2449.6 


61' 


3263.8 
3260.x 
3248.8 

3230.2 

32o4.2 

3X7X.3 
3x3i.6 
3o85.5 

3o33.4 
2975.7 

29x2.9 
2845 . 5 
2774.0 
2699.0 
2621. I 


Moon's  trae  Dedination,  S6<*  8. 


Horiiontal  Parallax. 


53' 


2948.6 
2944.6 
2932.7 
29x3.0 
2885.6 

285o.8 
2808.9 
2760.x 
2705.0 
2643.9 

2577.4 
25o6.o 
243o.3 
2350.9 


57' 


3172.5 
3x68.2 
3x55.4 
3x34.1 
3io4.5 


3067.0 
3o2x.7 
2969 . I 
2909 . 7 
2843.8 


2772.0 
2695 . X 

26x3.4 

2527  .8 


61' 


3396.6 
3392.0 
3378.2 
3355.3 
3323.6 

3283.3 
3234.7 
3178.2 

3ii4.4 
3043.7 

2966.7 
2884.1 
2796.5 
2704.7 


J 
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Table  XVIL 

ParaUaetie  Angles  for  the  Latilude  of  Washington  Ohsenatory, 


lOo 

200 

e 

0 

37.8 

54.4 

35.3 

52.1 

33.1 

5o.o 

3i.o 

48.0 

29.2 

46.x 

27.6 

44.4 

26.2 

42.7 

24.9 

4l.2 

23.7 

39.8 

Hour  Angle. 


Dec. 

o 

29  N. 
28  . 
27  * 
26 

25 

24 

23 
22 
21 

20 

19 
18 

n 

16 
l5 

i4 
i3 
12 
II 

10 

9 

8 

7 
6 

5 

4 
3 
2 

iN. 


o 
I  S. 

2 
3 

4 
5 
6 

7 
8 


10 
II 
12 
i3 

i4 
i5 
16 

17 
18 

»9 


20 
21 
22 

23 

24 

25 

26 
27 

28 


0.2 

O.I 

0.0 

9.8 

9-7 
9.6 

9.5 

9.4 
9.3 
9.2 


300   40O   50O 


22.  t> 

38.4 

21.7 

37.1 

20.8 

36. 0 

19.9 

34.8 

19.2 

33.8 

18.5 

32.8 

17.8 

31.9 

17.2 

3i.o 

16.7 

3o.2 

16.2 

29.4 

[n3: 


9.1 

9.0 

si 

0.0 

8.7 

8.6 

8.6 

8.5 

8.4 
8.4 

9.($ 
9.5 
9.3 

11 

0.0 
8.6 

8.4 
8.2 
8.0 
7.8 


7-7 
7.5 

7.3 

7.2 

7-1 
6.9 

6.8 

6.7 

6.6 

6.5 


60.7 
59.0 
57.3 
55.7 
54.2 
52.8 

5i.4 
5o.i 
48.8 


47. t> 
46.4 
45.3 
44.3 
43.2 
42.3 

41.4 
4o.5 
39.6 

38.8 


5.7 

28.7 

5.2 

28.0 

4.8 

27.3 

4.4 

26.7 

4.0 

26.1 

3.7 

25.5 

3.4 

25. 0 

3.1 

24.5 

2.8 

24.0 

3.5 

23.5 

38. o 
37.3 
36.6 
35.9 
35.3 

34.7 
34.1 
33.5 
33.0 
32.5 


2.2 

2:5.1 

2.0 

22.7 

1.7 

22.3 

1.5 

21.9 

1.3 

21.6 

I.X 

21.2 

0.9 

20.9 

0.7 

20.6 

0.6 

20.3 

0.4 

20.0 

32. o 

3i.5 
3i.o 
3o.6 
3o.2 
29.8 

29.4 
29. o 

28.7 
28.3 


28.0 

27.7 
27.4 

27.1 
26.9 

26.6 
26.4 

26.1 
25.9 
25.7 


25.5 
25.3 

25.1 

24.9 

24.8 
24.6 

24.4 
24.3 
24.2 
24.0 


62.9 
61.6 
60.3 
59.1 
58. o 
56.8 
55.7 

54.7 
53.6 


52.6 
5i.7 
5o.7 

49.8 
49.0 
48.2 

47.4 
46.6 
45.8 
45.1 


44.4 
43.7 
43.1 
42.5 

41.9 
4i.3 
40.7 
4o.2 
39.7 
39.2 


38.7 
38.3 
37.8 

37.4 
37.0 
36.6 
36.2 
35.9 
35.5 
35.2 


34.9 
34.6 
34.3 
34.0 
33.7 
33.5 
33.2 
33.0 
32.8 
32.5 


32.3 

32.2 
32. o 

3i.8 
3i.6 
3i.5 
3i.3 

3l.2 

3i.x 
30.9 


63.1 
62.1 
61. 1 
60.2 
59.3 

58.4 
57.6 
56.8 
55.9 


55.2 

54.4 
53.7 
52.9 

52.2 

5i.6 
50.9 
5o.3 

49.7 
49.1 


48.5 
48. o 

47.4 
46.9 

46.4 
45.9 

45.4 
45.0 
44.5 
44.1 


43.7 
43.3 
42.9 
42.6 
42.2 

41.9 
4i.6 
4i.2 
40.9 
40.7 


6O0 


4o.4 
4o.i 
39.9 
39.6 

39.4 
39.2 
39.0 
38.8 
38.6 
38.4 


38.2 
38.1 
37.9 
37.8 
37.6 
37.5 

37.4 
37.3 
37.2 
37.1 


62.1 

61.4 
60.7 
60.0 
59.3 
58.6 
57.9 
57.3 
56.7 


56.1 
55.5 
54.9 

54.4 
53.9 
53.3 
52.8 
52.3 
51.9 
5i.4 


5i  .0 
5o.5 
5o.i 

49.7 
49.3 

48.9 

48.6 

48.2 

47-9 
47.5 


47-2 
46.9 
46.6 
46.3 
46.1 
45.8 
45.6 
45.3 
45.1 
44.9 


70O 


44.7 
44.5 

44.3 

44.1 
43.9 
43.8 
43.6 
43.5 

43.4 
43.3 


43.1 
43.0 
43.0 
42.9 
42.8 
42.7 
42.7 
42.6 
42.6 
42.6 


60.3 

59.8 
59.3 
58.7 
58.2 
57.7 
57.3 
56.8 
56.3 


8O0 


55.9 
55.5 
55.1 

54.7 
54.3 

53.9 

53.5 

53.2 

52.8 

52.5 


52.2 
51.9 

5i.6 
5i.3 
5i.o 
50.7 
5o.5 
5o.2 
5o.o 
49.8 


49.5 
49.3 

49.1 
49.0 
48.8 
48.6 
48.5 
48.3 
48.2 
48. o 


47-9 
47.8 

47.7 
47.6 

47.5 
47.5 

47.4 
47.3 
47.3 
47*2 


47.2 
47-2 
47-2 
47.2 

47«2 


58.0 
57.6 
57.2 
56.8 
56.5 
56.1 
55.8 
55.5 
55.2 


M.8 
54.6 
54.3 
54.0 
53.7 
53.5 
53.3 
53.0 
52.8 
52.6 


:>2.4 

52.2 
52.0 

5i.8 
5i.7 
5i.5 

5i.4 
5i  .2 
5i.i 
5i  .0 


50.9 
5o.8 
50.7 
5o.6 
5o.5 
5o.5 

5o.4 
5o.3 
5o.3 
5o.3 


5o.2 
5o.2 
5o.2 
5o.2 


90O 

1000  1 

0 
55.0 

0 
5i.4 

54.7 

5i.3 

54.5 

5l.2 

54.2 

5i.o 

54.0 

50.9 

53.8 

5o.8 

53.6 

5o.7 

53.4 

5o,6. 

53.2 

5o.6 

53.0 
52.8 
52.7 
52.5 

52.4 
52.3 

52.1 
52.  o 


•9 

.8 


•7 
,6 

.6 
.5 
.4 
.4 
.4 
.3 
.3 
.3 


,3 


« 

47.3 
47.3 

47-2 
47-a  / 
47.2  V 

47.2 

47-2 
47-a 


0O.6 

5o.4 

5o.4 

5o.3 

5o.3 

5o*.3 

5o.3 

5o.2 

5o.2 
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CorreeHon  to  he  added  to  the  MoorCs  DeclimUion  tn  eomputing  an 

,  Occultation 

I  or  Eclipse. 

1 

Diflbrenee  of  Right  AscenBion. 

Dee. 

5' 

icy 

15^ 

2(y 

25^ 

ft 

30^35^ 

4(V45^ 

5(V 

55/ 

6(y 

65^ 

7(y 

75^ 

8(y 

85^ 

9(y 

o      / 

// 

// 

•* 

// 

It 

*f 

O       O 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o  3o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

O.I 

0.2 

0.2 

o.s 

0.3 

0.3 

0.4 

0.4 

0.5 

0.5 

0.6 

I      o 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

0.3 

0.2 

0.3 

0.4 

0.5 

0.5 

0.6 

0.7 

0.9 

I.O 

I.I 

1.2 

I   3o 

0.0 

0.0 

O.I 

0.1 

0.1 

o.a 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

I.O 

I.I 

1.3 

1.5 

1-7 

1.9 

2       O 

0.0 

0.0 

O.I 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.8 

0.9 

I.I 

1.3 

1.5 

1-7 

1.9 

a. 3 

3.5 

2   3o 

0.0 

0.0 

O.I 

0.2 

0.2 

0.3 

0.5 

0.6 

0.8 

I.O 

1.3 

1.4 

1.6 

1.9 

3.1 

2.4 

3.8 

3.1 

3     o 

0.0 

0.0 

O.I 

0.2 

0.3 

0.4 

0.6 

0.7 

0.9 

I.I 

1.4 

1.6 

1.9 

3.3 

3.6 

a. 9 

3.3 

3.7 

3  3o 

0.0 

0.1 

O.I 

o.a 

0.3 

0.5 

0.7 

0.9 

I.I 

1.3 

1.6 

1.9 

3.2 

3.6 

3.0 

3.4 

3.8 

4.3 

4     0 

0.0 

0.1 

O.I 

0.2 

0.4 

0.5 

0.7 

I.O 

1 .2 

1.5 

1.8 

3.2 

3.6 

3.0 

3.4 

3.9 

4.4 

4.9 

4  3o 

0.0 
0.0 

0.1 
0.1 

0.2 

0.2 

0.3 
0.3 

0.4 
0.5 

0.6 
0.7 

0.8 
0.9 

1 .1 

1.2 

1.4 
1.5 

1-7 
1.9 

2.1 

3.3 

2.5 

2.7 

2.9 

3.2 

3.3 
3.7 

3.8 
4.3 

4.4 

4.8 

4.9 
5.5 

5.5 

5     0 

6.1 

5  3o 

0.0 

0.1 

O.a 

0.3 

0.5 

0.7 

I.O 

1.3 

1.7 

2.1 

3.5 

3.0 

3.5 

4.1 

4.7 

5.3 

6.0 

6.7 

6     o 

0.0 

0.1 

0.2 

0.4 

0.6 

0.8 

I.I 

1.4 

1.8 

2.3 

3.7 

3.3 

3.8 

4.4 

5.1 

5.8 

6.6 

7.3 

6  3o 

0.0 

0.1 

0.2 

0.4 

0.6 

0.9 

1.2 

1.6 

2.0 

2.5 

S.o 

3.5 

4.1 

4.8 

5.5 

6.3 

7.1 

8.0 

7     0 

0.0 

0.1 

0.2 

0.4 

0.7 

I.O 

1.3 

1-7 

2.1 

2.6 

3.2 

3.8 

4.5 

5.3 

5.9 

6.8 

7-7 

8.6 

7  3o 

0.0 

0.1 

0.3 

0.4 

0.7 

I.O 

1.4 

1.8 

2.3 

2.8 

3.4 

4.1 

4.8 

5.5 

6.3 

7. a 

8.2 

9.1 

8     o 

0.0 

0.1 

0.3 

0.5 

0.8 

I.I 

1.5 

1.9 

3.4 

3.0 

3.6 

4.3 

5.1 

5.9 

6.8 

7-7 

8.7 

9-7 

1  8  So 

0.0 

0.1 

0.3 

0.5 

0.8 

I.I 

1.6 

2.0 

3.6 

3.2 

3.9 

4.6 

5.4 

6.3 

7.2 

8.2 

9.2 

10. 3 

9     o 

0.0 

0.1 

0.3 

0.5 

0.8 

1.2 

1-7 

2.2 

3.8 

3.4 

4.1 

4.9 

5.7 

6.6 

7.6 

8.6 

9.8 

10.9 

9  3o 

0.0 

0.1 

0.3 
0.3 

0.6 
0.6 

0.9 
0.9 

1.3 
1.3 

1.8 
1.8 

2.3 

2.4 

3.9 

3.0 

3.5 
3.7 

4.3 
4.5 

5.1 

5.4 

6.0 
6.3 

6.9 
7.3 

8.0 

8.4 

9.1 
9.6 

10.3 
10.8 

II. 5 

lO      o 

0.0  0.1 

IS.I 

lo  3o 

0.0 

0.2 

0.3 

0.6 

I.O 

1.4 

1.9 

2.5 

3.2 

3.9 

4.7 

5.6 

6.6 

7-7 

8.8 

10. 0 

II. 3 

IS. 6 

II       o 

0.0 

0.2 

0.4 

0.7 

I.O 

1.5 

2.0 

3.6 

3.3 

4.1 

5.0 

5.9 

6.9 

8.0 

9.2 

I0.5 

II. 8 

i3.s 

II   3o 

0.0 

o.a 

0.4 

0.7 

I.I 

1.5 

2.1 

3.7 

3.4 

4.3 

5.2 

6.1 

7.8 

8.3 

9.6 

10.9 

12.3 

i3.8 

la     o 

0.0 

0.2 

0.4 

0.7 

I.I 

1.6 

2.2 

2.8 

3.6 

4.4 

5.4 

6.4 

7.5 

8.7 

10. 0 

11.4 

12.8 

14.4 

12   3o 

0.1 

0.2 

0.4 

0.7 

I.I 

1.6 

2.2 

2.9 

3.7 

4.6 

5.6 

6.6 

7.8 

9.0 

10.4 

II. 8 

i3.3 

14.9 

i3     0 

0.1 

0.2 

0.4 

0.8 

1.2 

1-7 

2.3 

3.1 

3.9 

4.8 

5.8 

6.9 

8.1 

9.4 

10.8 

12.2 

i3.8 

i5.5 

i3  3o 

0.1 

0.2 

0.4 

0-.8 

1.2 

1.8 

2.4 

3.2 

4.0 

5.0 

6.0 

7-1 

8.4 

9-7 

II. I 

ia.6 

i4.3 

16.0 

i4    o 

0.1 

0.2 

0.5 

0.8 

1.3 

1.8 

2.5 

3.3 

4.2 

5.1 

6.2 

7.4 

8.7 

10. 0 

II. 5 

iS.i 

i4.8 

16.6 

i4  3o 

0.1 
0.1 

0.2 
0.2 

0.5 
0.5 

0.8 
0.9 

1.3 

.1.4 

1.9 
2.0 

2.6 

2.7 

3.4 
3.5 

4.3 
4.5 

5.3 
5.5 

.6.4 
6.6 

7.6 
7-9 

8.9 
9.3 

10.3 
10.7 

II. 9 
12.3 

i3.5 
i4.o 

i5.3 
i5.8 

17. 1 

i5     o 

17.7 

i5  3o 

0.1 

0.2 

0.5 

0.9 

1.4 

2.0 

2.8 

3.6 

4.6 

5.6 

6.8 

8.1 

9.5 

II. 0 

12.7 

14.4 

16.3 

18. 3 

i6     0 

0. 1 

0.2 

0.5 

0.9 

1.5 

2.1 

2.9 

3.7 

4.7 

5.8 

7.0 

8.3 

9.8 

II. 3 

iS.o 

14.8 

16.7 

18.7 

i6  3o 

0.1 

0.2 

0.5 

0.9 

1.5 

a. I 

2.9 

3.8 

4.8 

5.9 

7.2 

8.6 

10. 0 

II. 6 

i3.4 

i5.a 

17.2 

19.2 

17     0 

0.1 

0.2 

0.5 

I.O 

1.5 

a. a 

3.0 

3.9 

5.0 

6.1 

7.4 

8.8 

10.3 

13. 0 

i3.8 

i5.6 

17.7 

19.8 

17  3o 

0.1 

0.2 

0.6 

I.O 

1.6 

a. 3 

3.1 

4.0 

5.1 

6.3 

7.6 

9.0 

10.6 

13.3 

i4.i 

16.0 

18. 1 

20.8 

18     0 

0.1 

0.3 

0.6 

1.0 

1.6 

a. 3 

3.1 

4.1 

5.2 

6.4 

7.8 

9.2 

10.9 

ia.6 

i4.5 

16.4 

18.6 

20.8 

18  3o 

0.1 

0.3 

0.6 

I.O 

1.6 

2.4 

3.3 

4.2 

5.3 

6.6 

8.0 

9.5 

II. I 

13. 9 

i4.8 

16.8 

19.0 

21.3 

19     0 

0.1 

0.3 

0.6 

I.I 

1-7 

2.4 

3.3 

4.3 

5.5 

6.7 

8.2 

9-7 

II. 3 

l3.2 

l5.2 

17.3 

19.5 

21.8 

19  3o 

0.1 
^.i 

0.3 
0.3 

0.6 

I.I 

1-7 
1.8 

3.5 

3.4 

4.4 
4.5 

5.6 
5.7 

6.9 
7.0 

8.3 
8.5 

9.9 
10. 1 

II. 6 
II. 9 

i3.5 
13.7 

i5.5 
i5.8 

17.6 
18.0 

19.9 
20.3 

22.2 

20     0 

0.6 

I.I 

a. 5 

3.5 

22.7 

20  3o 

0.1 

0.3 

0.6 

I.I 

1.8 

3.6 

3.5 

4.6 

5.8 

7'X 

8.7 

10.3 

IS. I 

14.0 

16. 1 

18.3 

20.7 

23.2 

21     0 

0.1 

0.3 

0.7 

1.2 

1.8 

a. 6 

3.6 

4.7 

5.9 

7.3 

8.9 

10.5 

13.4 

i4.3 

16.5 

18.7 

21. 1 

23. 6 

21   3o 

0.1 

0.3 

0.7 

1.2 

I  9 

a. 7 

3.6 

4.8 

6.0 

7.4 

9.0 

10.7 

13.6 

i4.6 

16.8 

19. 1 

21.5 

24.1 

22     0 

0.1 

0.3 

0.7 

I. a 

1.9 

3.7 

3.7 

4.8 

6.2 

7.6 

9,3 

10.9 

12.8 

14.9 

17. 1 

19-4 

21.9 

24.6 

22  3o 

0.1 

0.3 

0.7 

1.2 

1.9 

3.8 

3.8 

4.9 

6.3 

7-7 

9.4 

II. I 

i3.o 

i5.i 

17.4 

19.8 

23.3 

s5.o 

23     0 

0.1 

0.3 

0.7 

1.3 

2.0 

3.8 

3.9 

5.0 

6.4 

7.8 

9.5 

II. 3 

iS.S 

i5.4 

17.7 

so.  I 

33.7 

35.4 

23  3o 

0.1 

0.3 

0.7 

1.3 

2,0 

a. 9 

3.9 

5.1 

6.5 

8.0 

9-7 

II. 5 

i3.6 

i5.7 

18.0 

so.  5 

s3.i 

35.9 

36.3 

24    0 

0.1 

0.3 

0.7 

1.3 

2.0 

3.9 

4.0 

5.2 

6.6 

8.1 

9.9 

II. 7 

t3.8 

i5.9 

18.3 

so. 8 

33.5 

24  3o 

O.I 

0.1 

0.3 
0.3 

0.7 
0.7 

1.3 
1.3 

a. I 
3.1 

3.0 

4.0 

5.3 

5.3 

6.7 
6.8 

8.3 
8.4 

10. 0 

10. 1 

II. 9 

13. 0 

13.9 
i4.i 

16. 1 
16.4 

18.5 

18.8 

31. 1 

33.9 

26.7 

25     0 

3.0 

4.1 

31  .4 

34.2127. i| 

25  3o 

0.1 

0.3 

0.8 

1.3 

a. I 

3.0 

4.2 

5.4 

6.9 

8.5 

10.3 

13.3 

i4.3 

16.6 

19.1 

31.7 

24.5 

27.5 

26     0 

0.1 

0.3 

0.8 

1.4 

a. a 

3.1 

4.3 

5.5 

7.0 

8.6 

10.4 

13.4 

i4.5 

16.8 

19.3 

33. 0 

24.9 

37.9 

26  So 

0.1 

0.3 

0.8 

1.4 

a. 2 

3.1 

4.3 

5.6 

7-1 

8.7 

10.6 

12.6 

14.7 

17. 1 

19.6 

33.3 

25.3 

38. 3 

27     0 

0.1 

0.3 

0.8 

1.4 

a. a 

3.2 

4.4 

5.6 

7-1 

8.8 

10.7 

13.7 

14.9 

17.3 

19.9 

33.6 

35.5 

28.6 

27  3o 

0.1 

0.4 

0.8 

1.4 

a. a 

3.3 

4.4 

5.7 

7.2 

8.9 

10.8 

13.9 

i5.i 

17.5 

20.1 

33.9 

35.8 

28.0 
29.3 

28     0 

0.1 

0.4 

0.8 

1.4 

a. 3 

S.3 

4.5 

5.8 

7.3 

9.0 

10.9 

iS.o 

i5.3 

17.7 

20.4 

sS.s 

36. 3 

28  So 

0.1 

0.4 

0.8 

1.5 

a. 3 

3.3 

4.5 

5.9 

7.4 

0.1 

II. I 

iS.a 

i5.5 

17.9 

30. 6 

33.4 

26.5 

29.6 

29     0 

0.1 

0.4 

0.8 

1.5 

a. 3 

3.3 

4.5 

5.9 

7.5!9.3!ii.2 

i3.3 

i5.6 

18. 1 

30. 8 

s3.7 

26.8 

So.o 

Bb 
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Star's 
Dee. 

Latitude  of  the  Place. 

40 

k.   m. 
6     9 
6  9 
6  8 
6  8 
6  7 
6  7 
6  7 
6  6 
6  6 

6  6 
6  6 
6  5 
6  5 
6  5 
6  4 
6  4 
6  4 
6  3 
6  3 

6  3 
6  3 
6  2 
6  2 
6  2 
6  X 
6  I 
6  I 
6  I 
6  0 

6  0 
6  0 
5  59 
5  59 
5  59 
5  59 
5  58 
5  58 
5  58 
5  57 

5  57 
5  57 
5  57 
5  56 
5  56 
5  56 
5  55 
5  55 
5  55 
5  54 

5  54 
5  54 
5  54 
5  53 
5  53 
5  53 
5  52 
5  52 
5  5i 
5  5i 

80 

k,  m. 
6  Id 
6  17 
6 '16 
6  16 
6  i5 
6  i4 
6  i4 
6  i3 
6  12 

6  12 
6  II 
6  10 
6  10 

6  ' 
6  9 

6  8 
6  7 
6  7 
6  6 

6  6 
6  5 
6  5 

6  4 
6  3 
6  3 
6  2 
6  2 
6  I 
6  I 

6  0 
5  59 
5  59 
5  58 
5  58 
5  57 
5  57 
5  56 
5  55 
5  55 

5  54 
5  54 
5  53 
5  53 
5  52 
5  5i 
5  5i 
5  5o 
5  5o 
5  49 
5  48 
5  48 

5  47 
5  46 
5  46 
5  45 
5  44 
5  44 
5  43 
5  42 

100 

k.   m. 
6  22 
6  21 
6  21 
6  20 
6  19 
6  18 
6  17 
6  16 
6  16 

6  i5 
6  i4 
6  i3 
6  12 
6  12 
6  II 
6  10 

6  9 
6  8 

6  7 
6  6 
6  6 
6  5 
6  4 
6  4 
6  3 
6  2 
6  I 
6  I 

6  0 
5  59 
5  59 
5  58 
5  57 
5  56 
5  56 
5  55 
5  54 
5  54 
5  53 
5  52 
5  5i 
5  5i 
5  5o 

5  49 
5  48 
5  48 

5  47 
5  46 

5  45 
5  44 
5  44 
5  43 
5  42 
5  4i 
5  4o 
5  39 
5  39 
5  38 

120 

k,   m. 
6  27 

6  26 
6  25 
6  24 
6  23 
6  22 
6  21 
6  20 

|6  19 
6  x« 
6  17 
6  16 
6  i5 
6  i4 
6  i3 

6  12 

6  II 
6  10 
6  9 

6  9 
6  8 

!  7 
6  6 

6  5 

6  4 
6  3 
6  3 
6  a 
6  I 

6  0 
5  59 
5  58 
5  57 
5  57 
5  56 
5  55 
5  54 
5  53 
5  53 

5  5i 
5  5i 
5  5o 

5  49 
5  48 

5  47 
5  46 
5  45 
5  44 
5  43 

5  42 
5  4i 
5  4o 
5  39 
5  38 
5  37 
5  36 
5  35 
5  34 
5  33 

140 

k.   m. 
6  32 

6  3o 
6  29 
6  28 
6  27 
6  25 
6  24 
6  23 
6  22 

6  21 
6  20 
6  19 
6  17 
6  16 
6  i5 
6  i4 
6  i3 
6  12 
6  II 

6  10 

6  8 

6  7 
6  6 
6  5 

6  4 
6  3 
6  2 
6  I 

6  0 
5  59 
5  58 
5  57 
5  56 
5  55 
5  54 
5  53 
5  52 
5  5i 

5  5o 

5  49 
5  48 
5  47 
5  46 
5  45 
5  44 
5  43 
5  4i 
5  4o 

5  39 
5  38 
5  37 
5  36 
5  35 
5  33 
5  32 
5  3i 
5  3o 
5  28 

I60 

k,   lit. 
6  37 
6  35 
6  34 
6  32 
6  3i 
6  29 
6  28 
6  27 
6  25 

6  24 
6  23 
6  21 
6  20 
6  19 
6  18 
6  16 
6  i5 
6  x4 
6  i3 

6  12 
6  10 
6  9 
6  8 
6  7 
6  6 
6  5 
6  3 
6  2 
6  I 

6  0 
5  59 
5  5b 
5  57 
5  55 
5  54 
5  53 
5  52 
5  5i 
5  5o 

5  48 

5  47 
5  46 
5  45 
5  44 
5  42 
5  4i 
5  4o 
5  39 
5  37 

5  36 
5  35 
5  33 
5  32 
5  3i 
5  99 
5  28 
5  26 
5  25 
5  23 

ISO 

k.   m. 
6  4i 
6  4o 
6  38 
6  36 
6  35 
6  33 
6  32 
6  3o 
6  29 

6  27 
6  26 
6  24 
6  23 
6  21 
6  20 
6  19 
6  17 
6  16 
6  i4 

6  i3 
6  12 
6  10 
6  9 
6  8 
6  7 
6  5 
6  4 
6  3 
6  I 

6  0 
5  59 
5  57 
5  56 
5  55 
5  53 
5  52 
5  5i 
5  5o 
5  48 

5  47 
5  46 

5  44 
5  43 
5  4i 
5  4o 
5  39 
5  37 
5  36 
5  34 

5  33 
5  3x 
5  3o 
5  28 
5  27 
5  25 
5  24 
5  22 
5  20 
5  19 

200 

a«  111. 
6  47 
6  45 
6  43 
6  4i 
6  39 
6  37 
6  36 
6  34 
6  32 

6  3o 
6  29 
6  27 
6  26 
6  24 
6  22 
6  21 
6  19 
6  18 
6  16 

6  i5 
6  i3 
6  12 
6  10 

6  7 
6  6 
6  4 
6  3 
6  I 

6  0 
5  59 
5  57 
5  56 
5  54 
5  53 
5  5i 
5  5o 
5  48 
5  47 
:>  45 

5  44 
5  42 
5  4i 
5  39 
5  38 
5  36 
5  34 
5  33 
5  3i 

5  3o 
5  28 
5  26 
5  24 
5  23 
5  21 
5  19, 
5  17. 
5  i51 
5  i3l 

1 

220 

k.   m. 
6  52 
6  5o 
6  48 
6  45 
6  43 
6  4i 
6  39 
6  38 
6  36 

6  34 
6  32 
6  3o 
6  28 
6  37 
6  25 
6  23 
6  21 
6  20 
6  18 

0  iC 
6  i5 
6  i3 
6  II 
6  10 
6  8 
6  6 
6  5 
6  3 
6  2 

6  0 
5  58 
5  57 
5  55 
5  54 
5  52 
5  5o 
5  49 
5  47 
5  45 

:>  44 
5  42 
5  4o 
5  39 
5  37 
5  35 
5  33 
5  32 
5  3o 
5  28 

5  26 
5  24 
5  22 

5  21 

5  19 
5  17, 
5  i5i 
S  12  1 
5  10 1 
S  St 

240 

k,   m. 
6  57 
6  55 
6  52 
6  5o 
6  48 
6  46 
6  44 
6  4i 
6  39 

6  37 
6  35 
6  33 
6  3i 
6  29 
6  27 
6  25 
6  24 
6  22 
6  20 

0  18 
6  16 
6  i4 
6  i3 
6  II 
6  9 
6  7 
6  5 

6  4 
6  2 

6  0 
5  58 
5  56 
5  55 
5  53 
5  5i 
5  49 
5  47 
5  46 
5  44 

t>  42 
5  4o 
5  38 
5  36 
5  35 
5  33 
5  3i 
5  28 
5  97 
5  25 

5  23 

5  91 

5  19 
5  16 
5  i4 
S  12 
S  10. 
5  81 
5  5! 
)  3i 

260 

k,   ffi. 

7  3 

7  0 
6  58 

6  55 

6  53 

6  5o 

6  48 

6  45 

6  43 

b  4i 
6  39 
6  36 
6  34 
6  32 
6  3o 
6  28 
6  26 
6  24 
6  22 

6  20 
6  18 
6  16 
6  x4 
6  12 
6  10 
6  8 
6  6 
6  4 
6  2 

6  0 
5  58 
5  56 
5  54 
5  52 
5  5o 
5  48 
5  46 
5  M 
5  42 

0  4o 
5  38 
5  36 
5  34 
5  32 
5  3o 
5  28 
5  26 
5  24 
5  21 

280 

k.  m. 
7  8 
7  6 
7  3 
7  0 
6  57 
6  55 
6  52 
6  5o 
6  47 
0  45 
6  42 
6  4o 
6  37 
6  35 
6  33 
6  3o 
6  28 
6  26 
6  24 

b  22 
6  19 
6  17 
6  i5 
6  x3 
6  II 
6  9 
6  6 

6  4 
6  2 

6  0 
5  58 
5  56 
5  54 
5  5i 
5  49 
5  47 
5  45 
5  43 
5  4i 

t)   38 
5  36 
5  34 
5  32 
5  3o 
5  27 
5  25 
5  23 
5  20 
5  18 

300 

••  fn. 
7  i5 
7  II 
7  8 
7  5 
7  2 

7  0 

6  57 

6  54 
6  5i 

b  49 
6  46 
6  43 
6  4i 
6  38 
6  36 
6  33 
6  3i 
6  28 
6  26 

b  23 
6  21 
6  19 
6  x6 
6  x4 
6  12 

6  7 
6  5 
6  2 

320 

A.  m. 
7  21 

7  18 
7  i4 
7  " 
7  8 
7  5 
7  2 
6  58 
6  56 

b  53 
6  5o 
6  47 
6  44 
6  4i 
6  39 
6  36 
6  33 
6  3i 
6  28 

b'25 
6  23 
6  20 
6  18 
6  i5 
6  i3 
6  10 
6  8 
6  5 
6  2 

e 

29  N. 
28 
27 
26 

25 

24 

23 
29 
21 

20 

\l 

17 

x6 
i5 

i4 
i3 
12 
II 

10 

9 

8 

7 
6 

5 

4 
3 

2 

iN. 

0 
iS. 

2 
3 

4 
5 
6 

7 
8 

9 

6  0 
5  58 
5  55 
5  53 
5  5i 
5  48 
5  46 
5  M 
5  4i 
5  39 

:>  37 
5  34 
5  32 
5  29 
5  27 
5  24 
5  22 
5  19 
5  17 
5  i4 

0   II 
5  9 
5  6 
5  3- 
5  0. 
4  58 
4  55 

i    52 

i  4q 
i  45i 

6  0 
5  58 
5  55 
5  52 
5  5o 

547 
5  45 

5  49 

5  4o 

5  37 

5  35 
5  33 
5  99 
5  97 
5  94 

5  91 

5  19 
5  16 
5  i3 
5  10 

5  4 

5  9 
4  58 
4  55 

i   59 

i  49 
4  46 
i  43 
i   39i 

10 
II 
12 
i3 

i4 
i5 
16 

17 
18 

«9 

20 
21 
22 

23 

24 
25 

26 
27 
28 

29  S. 

5  19 
5  17 
5  i5 
5  12 
5  10 

5  7- 
5  5, 

S   2i 
S   Oi 

i  57/ 

:>  i5 
5  i3 
5  10 
5  8 
5  5 
5  3 
5  0. 
i  57  i 
i  54^ 

(  52  i 
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Star's 
Dec. 

Latltade  of  tbe  Place. 

340 

k,   m. 

7  28 

7  24 

7  20 

7  17 
7  i3 
7  10 

7  7 
7  3 
7  0 
6  57 
6  54 
6  5i 
6  48 
6  45 
6  42 
6  39 
6  36 
6  33 
6  3o 

6  27 
6  25 
6  22 
6  19 
6  16 
6  i4 
6  11 
6  8 
6  5 
6  3 

6  0 
5  57 
5  55 
5  52 

5  49 
5  46 
5  44 
5  4i 
5  38 
5  35 

360 

n.      III. 

7  35 
7  3i 
7  27 

7  23 

7  19 
7  i6 

7  12 

7  8 

7  5 

7  I 
6  58 

6  55 

6  5i 

6  48 

6  45 

6  42 

6  3q 

6  36 

6  32 

6  29 
6  26 
6  23 
6  20 
6  18 
6  i5 
6  12 
6  9 
6  6 
6  3 

6  0 
5  57 
5  54 
5  5i 
5  48 
5  45 
5  42 
5  4o 
5  37 
5  34 

5  3i 
5  28 
5  24 
5  21 
5  18 
5  i5 
5  12 
5  9 
5  5 
5  2 

4  5o 
4  55 
4  52 
4  48 
4  44 
4  4i 
4  37 
4  33 
4  29 
4  25 

380 

A*  III. 

7  43 
7  38 

7  34 
7  3o 

7  25 

7  21 

7  17 
7  i4 
7  10 

7  6 

7  3 
6  59 

6  55 

6  52 

6  48 

6  45 

6  42 

6  38 

6  35 

6  32 
6  28 
6  25 
6  22 
6  19 
6  16 
6  i3 
6  9 
6  6 
6  3 

6  0 
5  57 
5  54 
5  5i 

5  47 
5  44 
5  4i 
5  38 
5  35 
5  32 

5  28 
5  25 
5  22 
5  18 
5  i5 
5  12 
5  8 
5  5 
5  I 
4  58 

4  54 
4  5o 
4  46 
4  43 
4  39 
4  35 
4  3o 
4  26 
4  22 
4  17 

40O 

k.    m. 

7  5i 
7  46 
7  4i 
7  37 

7  32 

7  28 

7  23 

7  19 

7  i5 

7  11 
7  7 
7  3 
6  59 
6  56 
6  52 
6  48 
6  45 
6  4i 
6  36 

6  34 
6  3i 
6  27 
6  24 
6  20 
6  17 
6  i3 
6  10 
6  7 
6  3 

6  0 
5  57 
5  53 
5  5o 

5  47 
5  43 
5  4o 
5  36 
5  33 
5  29 

5  26 
5  22 
5  19 
5  i5 
5  12 
5  8 

5  4 
5  I 
4  57 
4  53 

4  49 
4  45 
4  4x 
4  37 

4  32 

4  28 
4  23 

4  19 
4  i4 

4  9 

420 

A.  m. 
8  0 
7  55 

7  49 
7  44 

7  39 
7  35 

7  3o 

7  25 

7  21 

7  17 
7  12 

7  8 
7  4 
7  0 
6  56 
6  52 
6  48 
6  44 
6  4o 

6  37 
6  33 
6  29 
6  25 
6  22 
6  18 
6  i4 
6  IX 

6  7 
6  4 

6  0 
5  56 
5  53 

5  49 
5  46 
5  42 
5  38 
5  35 
5  3i 
5  27 

5  23 
5  20 
5  16 
5  12 
5  8 

5  4 
5  0 

4  56 
4  52 
4  48 

4  43 
4  30 
4  35 
4  3o 
4  25 
4  21 
4  16 
4  11 
4  5 
4  0 

440 

h,   m. 
8  10 

8  4 
7  58 

7  52 

7  47 
7  42 
7  37 

7  32 

7  27 
7  22 
7  18 
7  i3 
7  9 
7  4 
7  0 
6  56 
6  52 

6  47 
6  43 

6  39 
6  35 
6  3i 
6  27 
6  23 
6  19 
6  i5 
6  12 
6    8 
6  4 

6  0 
5  56 
5  52 
5  48 
5  45 

5  4i 
5  37 
5  33 
5  29 
5  2! 

5  21 
5  17 
5  i3 
5  8 

5  4 
5  0 
4  56 
4  5i 
4  47 
4  42 

4  38 
4  33 
4  28 
4  23 
4  18 
4  i3 
4  8 
4  2 
3  56 
3  5o 

460 

A.  lit. 

8  20 

8  i4 

8  7 
8  I 

7  55 
7  5o 
7  44 
7  39 
7  34 
7  29 
7  24 

7  19 
7  x4 

7  9 
7  4 
7  0 
6  55 
6  5i 
6  46 

6  42 
6  38 
6  33 
6  29 
6  a5 

6  21 

6  17 
6  12 
6  8 
6  4 

6  0 
5  56 
5  52 
5  48 
5  43 
5  39 
5  35 
5  3i 
5  27 
5  22 

5  18 
5  i4 
5  9 
5  5 
5  0 
4  56 
4  5i 
4  46 
4  4i 
4  36 

4  3i 
4  26 
4  21 
4  16 
4  10 

4  5 

3  59 
3  53 
3  46 
3  4o 

480 

h,   m. 
8  32 
8  25 
8  18 
8  IX 
8  5 

7  59 
7  53 

7  47 
7  4i 

7  35 
7  3o 
7  25 

7  19 
7  i4 

7  9 
7  4 
6  59 
6  55 
6  5o 

6  45 
6  4i 
6  36 
6  3x 
6  27 
6  22 
6  18 
6  i3 
6  9 
6  4 

6  0 
5  56 
5  5x 

5  47 
5  42 
5  38 
5  33 
5  29 
5  24 
5  19 

5  i5 
5  10 
5  5 
5  I 
4  56 
4  5x 
4  46 
4  4i 
4  35 
4  3o 

4  25 
4  19 
4  i3 

4  7 
4  1 
3  55 

3  49 
3  42 
3  35 
3  28 

50O 

A.  IH, 

8  45 
8  37 
8  3o 
8  22 
8  x5 
8  8 
8  2 
7  55 

7  49 
7  43 
7  37 
7  3i 

7  25 
7  20 
7  i4 
7  9 
7  4 
6  59 
6  54 

6  49 
6  44 
6  39 
6  34 
6  29 

6  24 

6  19 
6  i4 
6  10 
6  5 

6  0 
5  55 
5  5o 
5  46 

5  4i 
5  36 
5  3i 
5  26 

5  2X 

5  16 

5  IX 
5  6 
5  1 
4  56 
4  5i 
4  46 
4  4o 
4  35 
4  29 
4  23 

4  17 
4  II 
4  5 
3  58 
3  52 
3  45 
3  38 
3  3o 
3  23 
3  i5 

520 

540 

560 

A.  fW, 

9  4i 
9  28 
9  16 
9  5 
8  54 
8  45 
8  36 
8  27 
8  X9 

«  II 
8  3 
7  55 
7  48 
7  4i 
7  34 
7  27 
7  20 

7  i3 
7  7 

7  I 
6  54 
6  48 
6  42 
6  36 
6  3o 
6  24 
6  18 
6  12 
6  6 

6  0 
5  54 
5  48 
5  42 
5  36 
5  3o 
5  24 
5  18 
5  12 
5  6 

4  59 
4  53 

447 
4  4o 
4  33 
4  26 
4  19 
4  12 
4  5 
3  57 

3  49 
3  4i 
3  33 
3  24 
3  i5 
3  6 
2  55 
2  44 

2  32 

2  19 

580 

6O0 

29  N. 
28 
27 
26 

25 

24 

23 
22 

21 

9  ' 
8  52 

8  43 

8  35 

8  27 

8  19 

8  12 

8  5 

7  58 

7  5x 
7  45 
7  38 

7  32 

7  26 
7  20 
7  i4 

7  9 

7  3 
6  58 

6  52 
6  47 
6  4i 
6  36 
6  3x 
6  26 
6  21 
6  i5 
6  10 
6  5 

6  0 
5  55 
5  5o 
5  45 
5  39 
5  34 
5  29 
5  24 

5  8 
5  2 
4  57 
4  5i 
4  46 
4  4o 
4  34 
4  28 
4  22 
4  i5 

4  9 
4  2 
3  55 
3  48 
3  4z 
3  33 
3  25 

3  17 
3  8 

2  59 

A.  m. 

9  »9 

9  8 
8  58 

8  49 
8  4o 
8  3x 
8  23 
8  x5 
8-  8 

^  0 
7  53 
7  46 
7  4o 
7  33 
7  27 
7  20 

7  i4 
7  8 
7  2 
6  56 
6  5o 
6  45 
6  39 
6  33 
6  28 
6  22 
6  17 
6  II 
6  6 

6  0 
5  54 

5  49 
5  43 
5  38 
5  32 
5  27 
5  21 
5  i5 
5  xo 

5  4 
4  58 
4  52 
4  46 
4  4o 
4  33 
4  27 
4  20 
4  i4 
4  7 
4  0 
3  52 
3  45 
3  37 
3  29 
3  20 
3  II 
3  ^ 
2  52 

2  4x 

A.  ,  tn. 

10  xo 
9  53 
939 

9  25 
9  i3 

9  2 
8  5i 
8  4i 
8  32 

A.  m. 

10  55 

10  28 

10  8 

9  5x 

9  35 

9  22 

9  9 

8  58 

8  47 

20 

>9 

18 

17 
16 

i5 

i4 
i3 
12 
II 

8  22 
8  i4 
8  5 

7  57 
7  49 
7  42 
7  34 

7  27 
7  20 
7  12 

8  36 
8  26 
8  17 
8  8 
7  59 
7  5i 
7  42 
7  34 
7  26 

7  19 

10 

I 

7 
6 

5 

4 
3 

2 

iN. 

7  6 
6  59 
6  52 
6  45 
6  39 
6  32 
6  26 
6  19 
6  i3 
6  6 

7  iJ 
7  4 
6  56 

6  49 
6  42 
6  35 
6  28 
6  21 
6  x4 
6  7 

0 
iS. 

2 
3 

4 
5 
6 

7 
8 

9 

6  0 
5  54 
5  47 
5  4i 
5  34 
5  28 
5  21 
5  i5 
5  8 
5  I 

6  0 
5  53 
5  46 
5  39 
5  32 
5  25 
5  18 
5  II 
5  4 
4  56 

10 
II 
12 
i3 

i4 
i5 
16 

17 

18 

19 

5  33 
5  3o 
5  27 
5  24 
5  21 
5  18 
5  i5 

5  12 

5  9 
5  6 

5  3 
5  0 
4  57 
4  53 
4  5o 

4  47 
4  43 
4  4o 
4  36 

4  32 

4  54 
4  48 
4  4o 
4  33 
4  26 
4  18 
4  IX 
4  3 
3  55 
3  46 

4  49 
4  4i 
4  34 
4  26 
4  18 

4  I 
3  52 
3  43 
3  34 

ao 
21 
22 

23 

34 

25 

26 

^7 
28 

29  s. 

3  38 
3  28 
3  19 

2  58 

2  47 
2  35 
2  21 
2  7 
I  5o 

3  24 
3  i3 
3  2 
2  5i 
2  38 

2  25 

2  9 

1  52 
I  32 

I  5 
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To  convert  Millimeters  into  EngUeh  Inches. 

MUlim- 
etera. 

English 
Inches. 

Mlllim- 
sten. 

EncUah 
IndiM. 

MUllm- 
etara. 

EngUsh 
InchM. 

elan. 

English 
Ineiies. 

Milltm- 
etera. 

En^lsh 
Inches. 

MilUm- 
eters. 

Enriiah 
Inches. 

I 

0.0894 

59 

2.3229 

117 

4 •6064 

662 

26.0635 

720 

28.3470 

778 

3o.63o5 

2 

.0787 

60 

.3622 

118 

.6458 

663 

.1028 

721 

.3864 

779 

.6698 

3 

.1181 

61 

.4016 

119 

.685 1 

664 

.1422 

722 

.4257 

780 

.7092 

4 

.1576 

62 

.4410 

120 

.7245 

665 

.1816 

723 

.465 1 

781 

.7486 

5 

.1969 

63 

.4804 

i3o 

5.1182 

666 

.2209 

724 

.5o45 

782 

.7879 

6 

.2362 

64 

.5197 

i4o 

.5119 

667 

.2603 

725 

.5438 

783 

.8273 

7 

.2756 

65 

.5501 

i5o 

.9056 

668 

.2997 

726 

.5832 

784 

.8667 

8 

.3i5o 

66 

.5985 

160 

6.2993 

669 

.3391 

727 

.6226 

785 

.9060 

9 

.3543 

67 

.6378 

170 

.6930 
7.0067 

670 

.3784 

728 

.6620 

786 

.9454 

lO 

.3937 

68 

.6772 

180 

671 

.4178 

729 

.7013 

787 

.9848 

II 

.4331 

69 

.7166 

190 

.48o5 

672 

.4572 

730 

.7407 

788 

31.0242 

12 

.4734 

70 

.7560 

200 

.8742 

673 

.4965 

73i 

.7800 

789 

.o635 

i3 

.5ii8 

71 

.7953 

210 

8.2679 

674 

.5359 

732 

.8194 

790 

.1029 

i4 

.55i2 

72 

.8347 

220 

.6616 

675 

.5753 

733 

.8588 

791 

.1423 

i5 

.5906 

73 

.8741 

23o 

9.6553 

676 

.6147 

734 

.8982 

792 

.1817 

i6 

.6299 

74 

.9134 

240 

.4490 

677 

.654o 

735 

.9375 

793 

.2210 

I? 

.66o3 

75 

.9528 

25o 

.8427 

678 

.6934 

736 

.9769 

794 

.2604 

i8 

.7087 

76 

.9922 

260 

10.2364 

679 

.7328 

737 

29.0163 

795 

.2998 

'9 

.7480 

77 

3.o3i6 

270 

.63oi 

680 

.7721 

738 

.o556 

796 

.3391 

20 

.7874 

78 

.0709 

280 

II.0238 

681 

.8ii5 

739 

.0950 

797 

.3785 

21 

.8268 

79 

.iio3 

290 

.4175 

682 

•  85o9 

74o 

.1344 

798 

.4179 

22 

.8662 

80 

.1497 

3oo 

.8112 

683 

.6902 

741 

.1738 

799 

.4573 

23 

.9055 

81 

.1890 

3io 

12.2049 

684 

.9296 

74a 

.2l3l 

800 

.4966 

24 

•  9449 

82 

.2284 

320 

.5987 

685 

.9690 

743 

.2525 

810 

31.8903 

25 

.9843 

83 

.2678 

33o 

.9924 

686 

27.0084 

744 

.2919 

820 

32.2840 

26 

I.0236 

84 

.3071 

340 

i3.386i 

687 

*o477 

745 

.33x2 

83o 

.6778 

27 

.o63o 

85 

.3465 

35o 

.7798 

.688 

.0871 

746 

.3706 

84o 

33.0715 

28 

.1024 

86 

.3859 

36o< 

14.1735 

689 

.1265 

747 

.4x00 

85o 

.4652 

29 

.i4i8 

87 

.4253 

370 

.5672 

690 

.1658 

748- 

.4494 

86p 

.8589 

3o 

.1811 

88 

- .4646 

38o 

.9609 
15.3546 

.691 

.2052 

749 

.4887 

870 

34.2526 

3i 

•  22o5 

89 

.5o4o 

390 

692 

.2446 

750 

.5281 

880 

.6463 

32 

.2599 

90 

.5434 

4oo 

.7483 

693 

.2840 

751 

.5675 

890 

35 . o4oo 

33 

.2992 

91 

•  5827 

4io 

16.1420 

694 

.3233 

752 

.6068 

900 

.4337 

34 

.3386 

92 

.6221 

420 

.5357 

695 

.3627 

753 

.6462 

910 

.8274 

35 

.3780 

93 

.66i5 

43o 

.9294 

696 

.4021 

754 

.6856 

920 

36 . 2%i  I 

36 

.4173 

94 

.7009 

440 

17.3232 

697 

.44x4 

755 

.7249 

930 

.6x48 

37 

.4567 

95 

.7402 

45o 

.7169 

698 

.4808 

756 

.7643 

940 

37.0085 

38 

.4961 

96 

.77^ 

460 

18. I 106 

699 

.5202 

757 

.8037 

950 

.4023 

39 

.5355 

97 

•  8190 

470 

.5o43 

700 

.5596 

758 

.8431 

960 

.7060 

38.1897 

.5834 

4o 

.5748 

98 

.8583 

48o 

.8980 

701 

.5989 

.6383 

759 

.8824 

970 

4i 

.6142 

99 

.8977 

490 

19.2917 

702 

760 

.9218 

980 

43 

.6536 

loo 

.9371 

5oo 

.6854 

7o3 

.6777 

761 

.9612 

990 

.9771 

43 
44 

.6929 
.7323 

lOI 
102 

.9764 
4.0I58 

5io 

520 

20.0791 

%47a8 

704 
7o5 

.7170 
.7564 

762 
763 

3o.ooo5 
.0399 

1000 

39.3708 

45 
46 

47 

P9f9  V  PV 

io3 

io4 
io5 

.o552 
.0946 
.1339 

'i^n 

.8665 

21.2602 

.6539 

706 
707 
708 

.7958 
.835i 
.8745 

764 
765 
766 

e\ne\^ 

.7717 
.8111 

.85o4 

540 

55o 

.0790 
.1187 

.i58o 

Paru. 

MiUlm- 

En^iah 
Incnes. 

48 

.8898 
.9292 

106 

.1733 

56o 

22.0477 

709 

.9139 

767 

.1974 

etera. 

49 

107 

# 
•  2127 

570 

.44i4 

•  V 

710 

.9533 

768 

.2368 

O.I 

0.0039 

5o 

.9685 

108 

.2520 

58o 

.8351 

711 

.9927 

769 

.2761 

0.2 

0.0079 

5i 

2.0079 
.0473 

109 

.2914 

590 

23.2288 

712 

28.0320 

770 

.3x55 

0.3 

O.OI18 

52 

no 

.33o8 

600 

.6225 

7i3 

.0714 

771 

.3549 

0.4 

o.ox57 

53 

.0867 

III 

.3702 

610 

24.0162 

7x4. 

.1106 

772 

.3o42 
.4336 

0.5 

0.0197 

54 

.1260 

112 

.4095 
.4489 

620 

.4099 

7i5 

•  i5oi 

773 

0.6 

0.0236 

55 

.1654 

ii3 

63o 

.8o36 

716 

.i8o5 
.2209 
.2683 

774 

.4730 

0.7 

0.0276 

56 

.2048 

ii4 

.4883 

64o 

25.1973 

717 

775 

.5i24 

0.8 

o.o3i5 

57 

.2441 

ii5 

.5276 

65o 

.5910 
.9847 

718 

776 

.5517 

0.9 

o.o354 

58 

.2835 

116 

.5670 

660 

719 

.3076 

777 

.5911 

I.O 

0.0394 

One  millimeter  equals  0.03937079  £iigliBh  inch. 
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To  ecnffert  EngUtk  Inche*  into  MiUimeiers. 


EngHah 
laebes. 

O.I 
.2 
.3 

.4 
.5 
.6 

•7 
.8 


i.o 
.  I 
.a 
.3 

.4 
.5 
.6 

•7 
.8 

•9 
a.o 

.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

3.0 
.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

•9 
4-0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

5.0 
.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 


Millim- 
eters. 


2.54 

5.o8 

■  7.62 

10.16 

12,70 

i5.24 
17.78 
20.82 
22.86 
25. 4o 

27 -94 
3o.48 
33.02 
35.56 
38. 10 

4o.64 
43.18 
45.72 
48.26 
5o.6o 

53.34 
55.88 
58.42 
60.96 
63.  So 

66.  o4 
68.58 
71.12 
73.66 
76.20 

78.74 
81.28 

83.82 

86.36 

88.90 

91.44 
93.08 
96.02 
99.06 
01.60 

o4.i4 
06.68 
09.22 
11.76 
i4.3o 

16.84 
19.38 
21.92 
24.46 
27,00 

29.54 
32,08 
34.62 
37.16 
39.70 
42.24 
44.78 
47.32 


Endieh 
Iild&ee. 


5.9 

6.0 

•  I 

.2 

.3 

.4 
.5 
.6 

-7 

.8 

•9 
7.0 

.1 

.2 

.3 

.4 
.5 

.6 

•7 
.8 

8.0 
.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

•9 
9.0 

.1 

.2 

.3 

.4 
.5 
.6 

.7 
.8 

•9 
10. o 

.1 

.2 

.3 

.4 
.5 
.6 

.7 

.8 

•9 

II. o 

.1 
.2 
.3 

.4 
.5 
.6 


MUlini- 
eten. 


49.86 
52.40 

54.94 
57.48 
60.02 
62.56 
65. 10 

67.64 
70.18 
72.72 
75.26 
77.80 

80.34 
82.88 
85.42 
87.96 
90.50 

93.04 

95.58 

98.12 

200.66 

203.20 

2o5 . 74 

208.28 
210.82 

2x3.36 
215.90 

218.44 
220.98 

223.52 
226.06 
228.60 

23i.i4 
233.68 

236.22 

238.76 

241 . 3o 
243.84 
246.38 
248.92 
25i.46 
254.00 

256.54 
259.08 
261.62 
264.16 
266.70 
269 . 24 
271.78 
274.32 
276.85 
279.39 
281.93 

284.47 
287.01 
289.55 
292.09 
294.63 


Encilsh 
Inehea. 


II. 7 
.8 

•9 
12.0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

•9 
i3.o 

.1 

.2 

.3 

.4 
.5 
.6 

.7 
.8 

•9 
i4.o 

.1 

.2 

,3 

.4 
.5 
.6 

•7 

.8 

i5.o 
.1 
.2 
.3 

.4 
.5 
.6 

•7 
.8 

16.0 
.1 
.2 
.3 

.4 
.5 
.6 

.7 
.8 

.9 
17.0 

.1 

.2 

.3 
.4 


Mllllm- 
eten. 


297.17 
299.71 

302.25 

3o4.79 
307.83 
309.37 
3i2.4i 
314.95 
317.49 
320. o3 
322.57 
325.11 
327.65 
330.19 
332.73 
335.27 
337.81 
340.35 
342.89 
345.43 

347.97 
35o.5i 

353. o5 

355.59 

358.13 

360.67 

363.21 

365.75 

368.29 

370.83 

373.37 

375.91 

378.45 

380.99 

383.53 

386.07 

388.61 

391.15 

393.69 

396.23 

398.77 

4oi.3i 

4o3.85 

4o6 . 39 

408.93 

411.47 
4i4.oi 
416.55 

419.09 
421.63 

424.17 
426.71 
429.25 
431.79 
434.33 
436.87 

439.41 
441.95 


En^ish 
Inches. 


17 


18 


»9 


20 


21 


22 


23 


5 
6 

7 
8 

9 
o 

I 

2 

3 

4 
5 
6 

7 
8 

9 
o 

I 

2 

3 

4 
5 
6 

7 
8 

9 
o 

I 

2 
3 

4 
5 
6 

7 

8 

9 
o 

I 

2 
3 

4 
5 
6 

7 
8 

9 
o 

I 

2 
3 

4 

5 

6 

7 
8 

9 
o 

I 

2 


MUiim- 
eters. 


444. 
447. 
449. 

452. 
454. 
457. 
459. 
462. 

464. 
467. 
469. 
472. 

474. 

477- 
480. 

482. 

485. 

487. 

490. 

492. 

495. 

497- 
5oo. 

5o2. 

5o5. 

507. 

5io. 

5i3. 

5i5. 

5i8. 

520. 

523. 
525. 
528. 
53o. 
533. 
535. 
538. 

54i. 
543. 
546. 
548. 
55i. 
553. 
556. 
558. 
56i. 
563. 
566. 
568. 
571. 

574. 
576. 
579. 
58x. 

584. 
586. 
589. 


49 
o3 

57 
II 

65 

>9 

73 
27 

Si 
35 
89 
43 

97 
5i 

o5 

59 

i3 

67 

21 

75 
29 

83 

37 

91 
45 

99 
53 

07 

61 

i5 

69 

23 

77 
3i 

85 

39 

93 

47 
01 

55 

09 

63 

17 
71 

25 

79 
33 

87 
4i 
95 

49 
o3 

57 
II 

65 

>9 
73 
27 


En^ish 
Inches. 


MiUim- 
eters. 


23.3 

.4 
.5 
.6 

.7 

.8 

•9 
24.0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

a5.o 
.1 
.2 
.3 

.4 
.5 
.6 

•7 
.8 

26.0 
.1 
•  2 

.3 

.4 

.5 
.6 

•7 
.8 

•9 
27.0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

•9 
28.0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 

.8 

•9 
29.0 


591 .81 
594.35 
596.89 
599.43 
601.97 
6o4.5i 
607.05 
609.59 
612. i3 
614.67 
617.21 
619.75 
622 . 29 
624.83 
627.37 
629.91 
632.45 
634*99 
637.53 
640.07 
642.61 
645.15 
647 . 69 
65o.23 
652.77 
655.31 
657.85 
660.39 
662 . 93 

665.47 

668.01 

670.55 

673.09 

675.63 

678.17 

680.71 

683.25 

685.7 

688.3 

690.87 

693.41 

695.95 

698.49 

701.03 

703.57 

706.11 

708.65 

711.191 

713.73 

716. 27I 

718.81 

721.35 

723.89 

726.43 

728.97 

731. 5i 

734.05 

736.59 


English 
Inches. 


MlUini- 
eters. 


29.1 
.2 

.3 

.4 

.5 
.6 

•7 
.8 

•9 
3o.o 

.1 

.2 

.3 

.4 

.5 

.6 

•7 
.8 

3i.o 
.1 
.2 
.3 

.4 

.5 
.6 

.7 
.8 

•9 
32. o 

.1 

.2 

.3 

.4 

.5 
.6 

•7 

.8 

•9 
33.0 

.1 

.2 

.3 


789. i3 
741.67 
744.21 
746.75 
749.29 
751.83 
754.37 
756.91 
759.45 
761.99 
764.53 
767.07 
769.61 
772.15 
774.69 
777.23 
779.77 
782.31 
784.85 
787.39 
789.93 

792.47 
795.01 
797.55 
800.09 
802. 63 
8o5 . 1 7 
807.71 
810.25 
812.79 
8i5.33 
817.87 

820.41 
822.95 

825.49 
828.03 
830.56 
833. 10 

835.64 

838.18 
840.72 
843.26 
845.80 


Proportional 
Parts. 


English 
Inches. 


O.oi 
0.02 
o.o3 

0.64 
o.o5 
0.06 
0.07 
0.08 
0.09 
o.io 


Miliim- 
eters. 


0.254 
o.5o8 
0.762 
1.016 
1.270 

1.524 
1.778 
2.032 
2.286 
2.540 


One  English  inch  equals  25.39954  millimeters. 


390     Table  XXIL — ^Altitudes  with  the  Barometer. 


Part  L 

Argument,  the  observed  Height  of  the  Barometer  at  either  Station. 


Inches. 


II 
II 
II 
II 
II 

II 
II 
II 
II 
II 

12 
12 
12 
12 
12 

12 
12 
12 
12 
12 

l3 
l3 
l3 
l3 
l3 

i3 
i3 
i3 
i3 
i3 

i4 
i4 
i4 
i4 
i4 

i4 
i4 
i4 
i4 
i4 

i5 
i5 
i5 
i5 
i5 

i5 
i5 
i5 
i5 
i5 
i6 


Feet. 


Diff. 


8 


1896.9 
1633.3 
1867.6 
2099.9 
2330.I 

2558.3 
2784.5 
3008.7 
323i.i 
3451.6 

3670.2 
3887.0 

4l02.0 

43i5.3 
4526.9 

4736.7 
4944*9 
5i5i.4 
5356.4 
5559.7 

5761.4 
5961.6 
6160.3 
6357.5 
6553.2 

6747.5 
6940.3 
7131.7 
7321.7 
7510.3 

7697.6 
7883.6 
8068.2 
8251.5 
8433.6 

8614.4 
8794.0 
8972.3 
9149*5 
9325.5 

9500.3 

9673.8 

9846 . 2 

10017.5 

10187.7 


10356.8 
io524.8 
10691.8 
8 10857.7 
11022,5 
11186.3 


236.4 
234.3 

232.3 
23o.2 

228.2 
226.2 
224.2 

222.4 
220.5 

218.6 
216.8 
2l5.0 

2i3.3 
211. 6 

209.8 
208.2 
206.5 
2o5.o 
2o3.3 

201.7 

200.2 

98.7 

97.2 

95.7 


94.3 
92.6 

91.4 
90.0 

88.6 

87.3 
86.0 
84.6 
83.3 
82.1 

80.8 
79.6 
78.3 
77.2 
76.0 

74.8 
73.5 

73.4 
71.3 
70.2 

69. 

68.0 

67.0 

65.9 

64.8 

63.8 


Inches. 


16.0 
16. 1 
16.2 
16.3 
16.4 

16.5 
16.6 
16.7 
16.8 
16.9 

17.0 
17. 1 
1 7..  2 
17.3 
17.4 

17.5 
17.6 
17.7 
17.8 
17.9 

18.0 
18. 1 
18.2 
18.3 
18.4 

18.5 
18.6 
18.7 
18.8 
18.9 

19.0 
19. 1 
19.2 
19.3 
19.4 

19.5 
19.6 
19.7 
19.8 
19.9 

20.0 
20.1 
20.2 
20.3 
20.4 

20.5 
20.6 
20.7 
20.8 
20.9 
21  .0 


Feet. 


II86.3 
1349. I 

i5io.9 
1671.7 
i83i.5 

1990.3 
2148.2 
23o5. I 

2461 .0 

2616. 1 

2770.2 
2923.5 
3075.8 
3227.3 
3377.9 

3527.6 
3676.5 
3824.5 
3971.7 
4ii8.o 

4263.6 
4408.3 
4552.3 

4695.4 

4837.8 

4979.4 
5i2o.3 
5260.3 
5399.7 
5538.3 

5676.2 
58i3.3 
5949.8 
6o85.5 
6220.5 

6354.8 
6488 . 5 

6621.4 
6753.7 
6885.3 

7016.3 
7146.6 
7276.3 
74o5.3 
7533.7 

7661.4 
7788.6 
7915. I 
8o4i .0 
8166.3 
8291.0 


Dur. 


62.8 
61. 8 
60. b 
59.6 

58.8 
57.9 
56.9 
55.9 
55.1 

54.1 
53.3 
52.3 
5i.5 
5o.6 

49. 

48.9 
48. o 

47*2 
46.3 

45.6 

44.7 
44. o| 

43.1 

4a. 4 

4i.6 
40.9 
4o.o 

39.4 
38.6 

37.9 
37.1 
36.5 
35.7 
35.0 

34.3 
33.7 
32.9 
32.3 
3i.6 

3i.o 
3o.3 
29.7 
29.0 

28.4 


27. 

27. 

26.5 

25.9 

25.3 

24.7 


Inches. 


21  .0 
21  .1 
21  .2 

21.3 

21.4 

21.5 
21  .6 

21.7 

21.8 

21.9 
22.0 

22.1 
22.2 
22.3 
22.4 

22.5 
22.6 
22.7 
22.8 
22.9 

23. O 
23.1 
23.2 

23.3 
23.4 

23.5 
23.6 
23.7 
23.8 
23.9 

24*0 

24.1 
24.2 
24.3 
24.4 

24.5 
24.6 
24.7 
24.8 

24.9 

25. o 
25.1 
25.2 

25.3 
25.4 

25.5 
25.6 
25.7 
25.8 
25.9 
26.0 


Feet. 


1829I.O 
l84l5.I 

18538.7 
18661.6 
18784.0 

18905.8 
19027.0 

19147.7 
19267,8 

19387.4 

19506.4 
19624.9 
19742.9 
19860.3 
19977.2 

20093.6 
20209.4 
20324.8 
20439.6 
2o554«o 

20667.8 
20781. I 
20894.0 

21006.4 
21118.3 

21229.7 
2 1 340 . 6 
2i45i.i 
2i56i.i 
21670.6 

21779.7 

21888.4 
21996.6 
22io4*3 

222II.6 

223i8.4 
22424.8 
22530.8 

22636.4 
22741.5 

22846.3 
22950.6 

23o54.4 
23157.9 
23261.0 

23363.6 
23465.9 
23567.7 
23669.2 
23770.3 
23871.0 


Diff. 


24.1 
23.6 
22.9 

22.4 

21.8 
21.2 
20.7 
20.1 
19.6 

9.0 
8.5 
8.0 

6.9 

6.4 
5.8 

5.4 
4.8 

4.4 

3.8 
3.3 
2.9 

2.4 
1.9 

1.4 
0.9 

0.5 

0.0 

09.5 

09.1 
08.7 
08.2 
07.7 
07.3 

06.8 
06.4 
06.0 
o5.6 
o5.i 


04.8 
o4.3 
o3.8 
o3.5 
o3.i 

02.6 

02.3 

01.8 
01.5 
01. 1 
00.7 


Inches.  I      Feet. 


26.0 
26.1 
26.2 
26.3 
26.4 

26.5 
26.6 
26.7 
26.8 
26.9 

27.0 
27.1 
27.2 
27.3 
27.4 

27.5 
27.6 
27.7 
27.8 
27.9 

28.0 
28.1 

28.2 
28.3 
28.4 

28.5 
28.6 
28.7 
28.8 
28.9 

29.0 
29.1 
29.2 
29.3 
29.4 

29.5 
29.6 
29.7 
29.8 
29.9 

3o.o 
3o.i 
3o.2 
3o.3 

3o.4 

3o.5 
3o.6 
30.7 
3o.8 
30.9 
3i.o 


2;jtt7i.o 
23971.3 
24071.2 
24170.7 
24269 . 8 

24368 . 6 
24467.0 
24565.1 

24662 . 7 
24760.0 

24857.0 
24953.6 
25049.8 
25145.7 
25241.2 

25336.4 
25431.2 
25525.7 
25619.9 
25713.7 

25607 • I 
25900 . 3 
25993.1 
26085 . 6 
26177.7 

26269 . 6 
2636I.I 
26452.3 
26543.2 
26633.7 

26724.0 
26813.9 
26903.5 
26992.8 
27081.9 

27170.6 
27259.0 
27347.1 
27434.9 
27522.5 

27609.7 
27696.6 
27783.3 
27869; 7 
27955.7 

28041.5 
28127. I 
28219.3 
28297.3 
28382.0 
28466.4 


Dur. 

100.3 
99.9 
99.5 
99.1 

98.8 

98.4 
98.1 
97.6 
97.3 

97.0 
96.6 
96.2 
95.0 
95.5 

95.2 
94.8 
94.5 
94.2 
93.8 

93.4 
93.3 
92.8 
92.5 
92.1 

91.9 
91.5 
91.2 
90.9 
90.5 

90.3 
89.9 
89.6 
89.3 
89.1 

88.7 

88.4 
88.1 
87.8 
87.6 

87.2 
86.9 
86.7 

86.4 
86.0 

85.8 
85.6 
85.2 
85. o 

84.7 
84.4 


' 
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Part  II. 

Correction  due  to  T — ly,  or  the  Diflference  of  the  Temper&tures  of  the  Barometers  at  the  two 

Stations. 

This  correction  is  Negative  tohen  the  temperature  at  the  upper  station  is  hwestf  and  vice  versd. 


T-T'. 


Correc- 
iioa. 


Faht.  i    Feet. 


I' 

2 

3 

4 
5 
6 

7 
8 

9 

lO 

II 

12 

i3 


2.3 

4»7 
7.0 

9.4 
11.7 
i4»o 

16.4 
18.7 
21. 1 

23.4 

25.8 
28.1 
3o.4 


T—T. 


Fah*t. 


i4^ 
i5 

16 

17 

18 

19 

20 

21 
22 
23 

24 

25 

26 


Correc- 
tion. 


Feet. 


32*8 
35.1 
37.5 
39.8 
42.1 
44.5 
46.8 
49.2 
5i.5 
53.8 
56.2 
58.5 
60.9 


t— r. 


Fah>t. 

27® 

28 

29 

3o 

3i 

32 

33 

34 
35 
36 

37 
38 

39 


Correc- 
tion. 


Feet. 


63.2 
65.5 
67.9 
70.  a 
72.6 

74.9 
77.3 

79.6 

81.9 

84.3 

86.6 

89.0 

91.3 


T— r. 


Fah*t. 

40*^ 
4i 
42 
43 

44 
45 
46 

47 

48 

49 
5o 

5i 

52 


Correc- 
tion. 


Feet. 


93.6 
96.0 
98.3 
100.7 
io3.o 
io5.3 
107.7 

IIO.O 
112. 4 

II4.7 

117. o 

119. 4 
121. 7 


T—T'. 


Fah't. 


530 

54 
55 

56 

57 

58 
59 
60 
61 
62 
63 

64 
65 


Correc- 
tion. 


Feet. 


124. 1 
126.4 
128.7 
l3l.l 

i33.4 
i35.8 
i38.z 

i4o.4 
142.8 
z45.i 
147.5 
149.8 

l52.2 


T— T*. 


»Fah't. 
66° 
67 

68 
69 
70 

71 
72 

73 
74 
75 
76 

77 

78 


Correc- 
tion. 


— 1 


Feet. 


i54.5 
i56.8 
159.2 
161. 5 
163.9 
166.2 
168.6 
170.9 
173.3 
175.6 
177.9 
180.3 
182.6 


Part  HI. 

Correction  due  to  the  Change 
of  Gravity  from  the  Latitude 
of  45""  to  the  Latitude  of  the 
Place  of  Observation. 

Positive  from  Lot.  0**  to  46° ; 
Negative  from  Lat.  45^  to  W. 


App. 
Alt. 


Feet. 

looo 

2000 

3ooo 
4ooo 
5ooo 
6ooo 
7000 
8000 


9000  23.8 
1 0000  26.5 
iiooo  29.1 


12000 
i3ooo 
i4ooo 
i5ooo 


16000  4a '4 


17000 


18000  47.7 
19000 


5o.3 
20000  53 .  o 
21000 

22000 


55.6 

58.3 

23ooo  60.9 

24000  63.6 

tSooo  66. 


Latitude. 


00 


90O 


100 


8O0 


Feet. 
2.6 
5.3 

7-9 
10.6 

z3.2 

15.9 

18.5 

21.2 


3i.8 

34.4 
37.1 
39.7 


45.0 


Feet. 
2.5 

5.0 

7.5 

10. o 

12.4 
14.9 
i7«4 
19.9 

22.4 
24.9 
27.4 
29.9 

32.4 

34.9 
37.3 

39.8 

42.3 
44.8 
47.3 
49.8 
52.3 
54.8 
57.3 
59.8 
62.2 


200 


70O 


Feet. 
2.0 

4.1 

6.1 

8.1 

10. 1 

12.2 

z4*2 
16.2 

18.3 
20.3 

22.3 
24.4 
26.4 
28.4 

3o.4 
32.5 
34.5 
36.5 
38.6 
4o.6 
42.6 

44.7 
46.7 

48.7 


30O 


6O0 


40O 


50O 


Feet. 
1.3 
2.6 

4.0 
5.3 
6.6 

7-9 
9.3 

10.6 

II. 9 

l3.2 

i4.6 
15.9 
17.2 
18.5 
19.9 
21.2 

22.5 

23.8 

25.2 
26.5 
27.8 
29.1 

3o.5 
3i.8 


5o.7|33.i 


Feet. 
0.5 
0.9 

1.4 

1.8 

2.3 

2.8 

3.2 

3.7 

4.1 
4.6 
5.1 
5.5 
6.0 

6.4 
6.9 

7.4 
7.8 

8.3 

8.7 

9.2 

9-7 
10. 1 

10.6 

II. o 

II. 5 


450 


Feet, 
o 
o 
o 
O 
o 
o 
O 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


Part 
IV. 


O  o 


Feet. 
2.5 
5.2 

7-9 
10.8 

13.7 

16.7 

19.9 

23.1 

26.4 

29.8 
33.3 
36.9 
4o.6 

44.4 
48.3 
52.3 

56.4 
60.5 
64.8 
69.2 
73.6 
78.2 
82.9 
87.6 
92.5 


Part  V. 

Correction  due  to  the  Height  of  the 
lower  Station. 

Always  Positive. 


Height  of  Barometer  at  lower  Station. 


.a 

CO 


Feet. 
1.6 
3.1 

4.7 
6.3 

7.8 
9.4 

II. o 
12.5 

i4.i 
i5.7 
17.2 
18^.8 

20*.  4 
21.9 
23.5 

25.1 

26.6 
28.2 
29.8 

3i.3 
32.9 
34.5 
36. o 
37.6 
39.1 


• 

.a 

• 

.a 

.3 

■ 

d 

00 

0 

« 

^ 

CO 

»-< 

W 

(N 

CJ 

(N 

Feet 

Feet. 

Feet. 

Feet. 

Feet. 

1.3 

I.o 

0.8 

0.6 

0.4 

2.5 

2.0 

1.5 

l.I 

0.7 

3.8 

3.0 

2.3 

1-7 

1. 1 

5.1 

4.0 

3,1 

2.2 

1.4 

6.4 

5.0 

3.8 

2.8 

1.8 

7.6 

6.0 

4.6 

3.3 

2.1 

8.9 

7-1 

5.4 

3.9 

2.5 

I0.2 

8.1 

6.2 

4.4 

2.8 

II. 4 

9.1 

6.9 

5.0 

3.2 

12.7 

10. 1 

7-7 

5.5 

3.5 

i4.o 

II. I 

8.5 

6.1 

3.9 

i5.3 

12. I 

9.2 

6.6 

4.2 

16.5 

i3.i 

10. 0 

7.2 

4.6 

17.8 

14. 1 

10.8 

7-7 

4.9 

19. 1 

i5.i 

II. 5 

8.3 

5.3 

20.3 

16. 1 

12.3 

8.8 

5.6 

21.6 

17. 1 

i3.i 

9.4 

6.0 

22.9 

18. 1 

i3.8 

9.9 

6.3 

24.1 

19.2 

i4.6 

10.5 

6.7 

25.4 

20.2 

i5.4 

II. 0 

7.0 

26.7 

21.2 

16. 1 

II. 6 

7.4 

28.0 

22.2 

16.9 

12. 1 

7-7 

29.2 

23.2 

17.7 

12.7 

8.1 

3o.5 

24.2 

18.5 

l3.2 

8.4 

3i;8 

25.2 

19.2 

i3.8 

8.8 

.a 

GO 


Feet. 
0.2 
0.3 
0.5 
0.7 
0.8 
1.0 
J. 2 

1.3 
1.5 

1-7 
1.8 

2.0 

2.2 

2.3 
2.5 

2.7 

2.8 

3.0 

3.2 

3.3 
3.5 

3.7 
3.8 
4*0 
4.1 


App. 
Alt. 


Feet. 
1000 

2000 

3ooo 

4ooo 

5ooo 

6000 

7000 

8000 

9000 

1 0000 

IIOOO 

12000 
i3ooo 
i4ooo 
i5ooo 
16000 
17000 
18000 
19000 
20000 
21000 
22000 
23ooo 
24000 
25ooo 


S)2      Table   XXIII. — Inteepolation   by   Differences. 


Parts 

ofthe 

Unit 

of 

Bessel^s  Coefficients  (br 

Paru 

ofthe 

Unit 

of 

Bessel's  Coefficients  (br 

1 

2d  DiflT. 

SdDlflT. 

4th  DifT. 

5Ch  DiflT. 

Sd  DiflT. 

3d  DifT. 

4th  DifT 

5th  Diir. 

t.t—l 

t.t—l.t—k 

«...  f — 3 

t..t—^ 

t.t—l 

t.t—l.t—k 

t...  f— 2. 

«...  t—i 

Timfl. 

O.OI 

i  ' 

S    3  • 

4  • 

d  • 

Time. 
o.5i 

s  ■ 

2   S  ■ 

4 

5 

— . 00495 

.ooobi 

.ooobii 

— . 00008 

— .X2495 

— .oooau 

.U'2J4'^ 

.00006 

.02 

. 00980 

.00157 

.00x65 

.000x6 

.52 

.X2480 

.00083 

.02340 

. 00009 

.o3 

.oi456 

. 00228 

.00246 

.00023 

.53 

.X2455 

.00x25 

.02334 

.000x4 

.o4 

.01920 

.00294 

.00326 

.ooo3o 

.54 

•X2420 

.00x66 

.02327 

.000x9 

.o5 

.02375 

.oo356 

. oo4o5 

.ooo36 

.55 

•12375 

.00206 

.023x8 

.00023 

.06 

.02820 

.oo4x4 

.oo483 

.00043 

.56 

.X2320 

. 00246 

.023o6 

.00028 

.07 

.o3255 

.00467 

.oo56o 

. ooo48 

.57 

.12255 

.00286 

.02293 

.ooo32 

.08 

.o368o 

.oo5i5 

.oo636 

.ooo53 

.58 

.12x80 

.'oo325 

.02278 

.ooo36 

.09 

.04095 

. oo56o 

. 007 I I 

. ooo58 

.59 

.X2095 

.oo363 

.02260 

.0004 X 

.10 

. o45oo 

. 00600 

.00784 

.00063 

.60 

.X2000 

. oo4oo 

.02240 

.00045 

1 

.11 

.04895 

.oo636 

.008 56 

. 00067 

.6x 

.1x895 

.oo436 

•02218 

1 
.00049 

.12 

.05280 

.00669 

.00927 

.00070 

.62 

.XX780 

.0047X 

. 02  X  94 

.ooo53 

.i3 

.o5655 

.00697 

.00996 

. 00074 

.63 

•xx655 

.oo5o5 

.02x69 

. ooo56 

.14 

.06020 

.00723 

.01064 

.00077 

.64 

•1X520 

.oo538 

.o2x4x 

• 00060 

.i5 

.06375 

.00744 

.oii3o 

.00079 

.65 

.1x375 

.00569 

.02XXX 

.00063 

.16 

.06720 

.00762 

.OXX95 

.00081 

.66 

.11220 

.00598 

.02080 

.00067 

•17 

.07055 

.00776 

.0x259 

.00083 

.67 

.ixo55 

.00626 

.02046 

.00070 

.18 

.07380 

.00787 

.ox32i 

.00085 

.68 

.X0880 

.00653 

.020x0 

.00072 

.19 

.07695 

. 00795 

.ox38x 

. 00086 

.69 

.10695 

.00677 

.0x973 

.00075 

.20 

. 08000 

. 00800 

.oi44o 

. 00086 

.70 

. xo5oo 

. 00700 

.0x934 

.00077 

.21 

.08295 

. 00802 

.01497 

•00087 

•7> 

. 10295 

.00721 

.0x893 

•00080 

.22 

.o858o 

.00801 

.0x553 

.00087 

.72 

.X0080 

•00739 

.oi85o 

•00081 

.23 

.o8855 

.00797 

.0x606 

.00087 

.73 

.09855 

.00756 

.ox8o5 

.00083 

.24 

.09120 

•00790 

.0x658 

.00086 

.74 

.09620 

.00770 

.0x758 

. 00084 

.25 

.09375 

.00781 

.0x709 

•ooo85 

.75 

.0^375 

•0078X 

.01709 

.00085 

.26 

.09620 

.00770 

.01758 

. 00084 

.76 

.09x20 

.00790 

.0x658 

.00086 

.27 

.09855 

.00756 

.ox8o5 

.00083 

•77 

.08855 

.00797 

.0x606 

.00087 

.28 

. 10080 

.00739 

.oi85o 

. 0008  X 

.78 

.o858o 

.00801 

.0x553 

.00087 

.29 

.10295 

.00721 

.0x893 

. 00080 

•79 

.08295 

. 00802 

.01497 

.00087 

.3o 

.io5oo 

. 00700 

.0x934 

.00077 

.80 

. 08000 

. 00800 

.ox44o 

.00086 

.3i 

.X0695 

,00677 

.01973 

.00075 

.81 

.07695 

.00795 

.ox38i 

• 

.00086 

.32 

.10880 

.00653 

.020x0 

.00072 

.82 

.07380 

.00787 

.ox32X 

.ooo85 

.33 

.iio55 

.00626 

. 02046 

. 00070 

.83 

.07055 

.00776 

.0x259 

.00083 

.34 

.11220 

.00598 

. 02080 

.00067 

.84 

.06720 

.00762 

.OXX95 

•00081 

.35 

.11375 

.00569 

.021x1* 

.00063 

.85 

.06375 

.00744 

.oix3o 

.00079 

.36 

.ll520 

.oo538 

.02X4X 

. 00060 

.86 

. 06020 

.00723 

•0x064 

.00077 

.37 

.1x655 

.oo5o5 

.02169 

.ooo56 

.87 

.o5655 

.00697 

.00996 

.00074 

.38 

.11780 

.0047X 

.02x94 

.eoo53 

.88 

.05280 

.00669 

•00927 

.00070 

.39 

.11895 

. oo436 

.022x8 

•00049 

.89 

• 04895 

• oo636 

.oo856 

.00067 

.40 

•12000 

. oo4oo 

. 02240 

.00045 

.90 

. o45oo 

.00600 

• 

.00784 

.00063 

.41 

.12095 

.oo363 

.02260 

.0004 I 

•  91 

.04095 

.oo56o 

.007XX 

.ooo58 

.42 

.12180 

•oo325 

.02278 

.000 36 

.92 

.o368o 

.oo5x5 

.0O&36 

•ooo53 

.43 

.12255 

.00286 

.02293 

.ooo32 

.93 

.03255 

.  004*67 

. oo56o 

.00048 

.44 

.12320 

. 00246 

.023o6 

.00028 

.94 

.02820 

.oo4x4 

.oo483 

.00043 

.45 

.12375 

•00206 

.oa3x8 

•0002 3 

.95 

.02375 

.oo356 

.oo4o5 

.ooo36 

.46 

.12420 

.00166 

.02327 

•000x9 

.96 

.01920 

.00294 

•oo326 

.ooo3o 

.47 

.12455 

.00125 

.02334 

.000x4 

•97 

.0x455 

•00228 

•00246 

•000a 3 

.48 

.12480 

.00083 

.02340 

. 00009 

.98 

.00980 

.00x57 

•ooi65 

.00016 

.49 

.12495 

. 00042 

.02343 

.ooocS 

•99 

•00495 

•ooo8x 

. ooo83 

.00008 

.5o 

— .i25oo 

. 00000 

.02344 

— . 00000 

X  .00 

— . 00000 

— . 00000 

.00000 

.00000 
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Parts 

ofthe 

Unit 

of 

Binomial  Coeflleienta  fbr 

Parts 

ofthe 

Unit 

of 

Binomial  Coefficients  for 

SdDiff. 

SdDiff. 

4th  Diflf. 

1  SthDlff. 

9dDUr. 

SdDiir. 

4th  Diff. 

5th  Diff. 

t.t—l 

t.t—l.t—2 

<...<--3 

t..t—4 

t.t-l 

t.<— 1.1— 2 

< . . .  r— 3 

t...  t—4 

Time. 

O.OI 

2  • 

S   3  ' 

4  • 

5  ' 

Time. 
0.5l 

2  ■ 

2   8 

4  • 

6  • 

— .00496 

.00328 

— . 00245 

.00196 

—  .12496 

. 06206 

— .o3«63 

.02696 

.02 

.00980 

.00647 

.OO4B2 

.oo384 

.62 

.12480 

.06167 

.o38i7 

.02667 

.o3 

.01455 

.00955 

. 00709 

.oo563 

.63 

.12455 

.o6io3 

.o3-;69 

.026x6 

.o4 

.01920 

.01254 

. 00928 

.00735 

.54 

.12420 

. 06044 

.03717 

.02672 

•  o5 

.02375 

.01 544 

.01139 

.00899 

.55 

.12376 

.06981 

.o3664 

.02628 

.06 

.02820 

.01824 

.oi34o 

• 

.01066 

.66 

.I2320 

.06914 

.03607 

.02482 

.07 

.o3255 

. 02094 

.oi534 

.01206 

.57 

.12265 

.06842 

•03549 

.02434 

.08 

.o368o 

.02355 

.01719 

.01 348 

.68 

.12180 

.06766 

.03488 

.02386 

.09 

.04095 

.02607 

.01897 

.oi483 

*.69 

.12096 

.06686 

.03426 

.02336 

.10 

. o45oo 

.o285o 

. 02066 

.01612 

.60 

.12000 

.06600 

.o336o 

.02286 

.  II 

.04895 

.o3o84 

.02228 

.01733 

.61 

.11896 

.o55ii 

.03293 

.02233 

.  12 

.05280 

.o33o9 

.02382 

.01849 

.62 

.11780 

.06419 

.03224 

.02180 

.i3 

.o5655 

.o3525 

.02629 

.oi'958 

.63 

.11666 

.06322 

.o3i64 

.02126 

.i4 

.06020 

.03732 

.02669 

.02060 

.64 

.11620 

.06222 

.o3o8i 

.0207X 

.i5 

.06375 

.03931 

.02801 

.02167 

.65 

.1x376 

.06119 

.o3oo7 

.02016 

.16 

.06720 

.o4i22 

.02926 

.02247 

.66 

.11220 

.06012 

.02932 

.0x968 

•17 

.07055 

.o43o4 

.o3o45 

.02332 

.67 

.11066 

.04901 

.02866 

.01901 

.18 

.07380 

.04477 

.o3i56 

.0241 a 

.68 

. 10880 

.04787 

.02777 

.0x844 

.19 

.07695 

.04643 

.03261 

.02485 

.69 

.10696 

.04670 

.02697 

.01785 

•  20 

.08000 

. 04800 

.o336o 

.02664 

.70 

.10600 

.o455o 

.02616 

.01727 

•  21 

.08295 

.04949 

.03462 

.02617 

.71 

.10296 

.04427 

.02634 

.0x668 

.22 

.o858o 

.05091 

.03538 

.02674 

.72 

.10080 

.o43oi 

.02461 

.0x608 

.23 

.o8855 

.o5224 

.o36i8 

.02728 

.73 

.09866 

.04172 

.02368 

.0x548 

.24 

.09120 

.o535o 

.03692 

.02776 

.74 

-.  09620 

. o4o4o 

.02283 

.0x488 

.25 

.09375 

. 05469 

.03760 

.02820 

.75 

.09376 

.03906 

.02197 

.01428 

.26 

.09620 

.o558o 

.o3822 

.02869 

.76 

.09120 

.03770 

.02111 

.oi368 

.27 

.09855 

.o5683 

.03879 

. 02894 

•77 

.08866 

.o363i 

.02024 

.ox3o8 

.28 

.10080 

.05779 

.03930 

.02924 

.78 

.08680 

.03489 

.01937 

.01247 

.29 

.10295 

.o5868 

.03976 

.  .02960 

•79 

.08296 

.o3346 

.01848 

.01x87 

•  3o 

.io5oo 

.05950 

.o4oi6 

.02972 

.80 

.08000 

.o32oo 

.01760 

.0x126 

.3i 

.10695 

.06025 

.04062 

.02990 

.81 

.07696 

.o3o52 

.01671 

.01066 

.32 

.10880 

.06093 

.04082 

. o3oo4 

.82 

.07380 

.02903 

.0x682 

.0x006 

.33 

.iio55 

.061 54 

.o4io8 

.o3oi5 

.83 

.07066 

.02761 

.01493 

. 00946 

.34 

.11220 

. 06208 

.04129 

. o3o22 

.84 

.06720 

.02698 

.oi4o3 

.00887 

.35 

.11375 

.06256 

.04 145 

.o3o26 

.85 

.06376 

.02444 

.oi3i4 

.00828 

.36 

.Il520 

.06298 

.o4i56 

.o3o26 

.86 

.06020 

.02288 

.01224 

.00769 

.37 

.11655 

.06333 

.o4i64 

.o3o23 

.87 

.06665 

.o2i3o 

.oii34 

.007x0. 

.38 

.11780 

.o636i 

.04167 

.o3oi7 

.88 

.06280 

.01971 

.01045 

.00662 

.39 

.11895 

.o6384 

.o4i65 

.o3oo7 

.89 

. 04896 

.01811 

.00966 

. 00694 

.40 

.12000 

. o64oo 

.o4i6o 

.02996 

.90 

. o45oo 

.01660 

.00866 

.00637 

.41 

.12095 

.06410 

.o4i5i 

.02980 

.91 

.04096 

.01486 

.00777 

.00480 

.42 

.12180 

.o64i5 

.o4i38 

.02962 

.92 

.o368o 

.01325 

.00689 

.00424 

.43 

.12255 

.o64i3 

.o4i2i 

.02942 

.93 

.o3255 

.01161 

.00601 

. 00369 

.44 

.I2320 

. 06406 

.o4ioo 

.02919 

.94 

.02820 

.00096 
.0083 I 

.006] 3 

.oo3x4 

.45 

.12375 

.06394 

.04076 

.02894 

.96 

.02376 

.00426 

.00260 

.46 

.12420 

.06376 

.o4o49 

.02866 

.96 

.01920 

.00666 

.00339 

.00206 

.47 

.12455 

.o6352 

.o4oi8 

.02836 

•97 

.oi465 

.00600 

.00264 

.00x54 

.48 

.12480 

.o6323 

.03984 

.02804 

.98 

.00080 
. 00496 

.00333 

.00168 

.00x02 

.49 

.12495 

.06289 

.03946 

.02770 

•99 

.00167 

, 00084 

. 00060 

.5o 

— .i25oo 

.06260 

— .03906 

.02734 

1. 00 

— . 00000 

.00000 

— . 00000 

. 00000 
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Table  XXIV. 


Logarithmt  of  the  Cotffieienlt  for  InterpdUUxoa  hy  BaieTt  Formula. 


Argoment  for 
T— 18  boon. 

Logarithms  <rf'the  Coeffleiente  for 

Fint  DUferenees. 

Second  Differ- 
ences. 

Third  Differ- 
ences. 

Foonh  Differ- 
ences. 

Fifth  Dilihr- 
enoes. 

h»    nt. 

■ 

o     o 

— a 

— oc 

—00 

— -oc 

^-oc 

5 

7.8416375 

7.53758n 

6.75336 

6.76092 

5.7548591 

lo 

8.1426675 

7.83556n 

7.o45i8 

7.o6o38 

6.o48i49i 

i5 

8.3187588 

8.0085991 

7.21x95 

7.23484 

6.2x63691 

20 

8.4436975 

8.x3o43n 

7.32746 

7.358x1 

6.3332891 

25 

8.5406075 

8.22423n 

7.41482 

7.45330 

6.4220491 

3o 

8.6197888 

8.3oo28n 

7-48434 

7.53071 

6.4929291 

35 

8.6867355 

8 . 364o6n 

7.54149 

7.59584 

6.55x4291 

4o 

8.7447275 

8.4i887n 

7,58957 

7.65x97 

6.6008291 

45 

8.7958800 

8.46682n 

7.63068 

7.70X2X 

6.6432291 

5o 

8.8416375 

8.5o935n 

7.66626 

7.7450X 

6 .  6800791 

55 

8.883o3o2 

8.54749n 

7.69734 

7.78439 

6.7x23991 

I      o 

8.9208188 

8 . 582oon 

7.72467 

7.820x3 

6.7409591 

5 

8.9555809 

8.6i346n 

7.74883 

7.85279 

6.7663191 

lo   • 

8.9877655 

8.64232n 

7.77026 

7.88282 

6.7889191 

i5 

9.0177288 

8.6689391 

7.78932 

7.9x058 

6.8091291 

20 

9.0457575 

8.6935891 

7.80628 

7.93636 

6.8272191 

25 

9.0720864 

• 

8.7i65o9» 

7.82x38 

7.96039 

6.8434291 

3o 

9.0969x00 

8.73789n 

7.8^80 
7.84670 

7.98286 

6.8579291 

.35 

9. 120391 X 

8.7579x9* 

8 . 00394 

6.8708991 

4o 

9.1426675 

8.7767091 

7.85722 

8.02377 

6.88244n 

45 

9.1638568 

8 .  7943791 

7.86646 

S. 04246 

6.8927091 

5o 

9.1840602 

8.8iio39i 

7.8745X 

8.0601 X 

6.90x7591 

55 

9.2033653 

8.8267691 

7.88147 

8. 0768 X 

6 .  9096891 

2       O 

9.2218487 

8.84i649t 

7.88739 

8.09264 

6.9i655fi 

5 

9.2395775 

8.8557391 

7.89235 

8.10766 

6.9224391 

10 

9.2566109 

8.869x091 

7.89637 

8.X2X94 

6.9273791 

i5 

9.2730013 

8.88x7991 

7.89952 

8.13553 

6.93i4in 

20 

9.2887955 

8.8938691 

7.90183 

8.14846 

6.9345811 

25 

9.3o4o355 

8.9053491 

7.90333 

8.x 6078 

6.9369291 

3o 

9.3187588 

8.9162791 

7.90404 

8.17253 

6 . 93845n 

35 

9.3329992 

8.9266991 

7.90399 

8.X8375 

6 .  9392091 

4o 

9.3467875 

8.9366x91 

7.90319 

8.x 9446 

6.939x911 

45 

9.36oi5i4 

8 .  9460891 

7.90x66 

8.20469 

6.9384891 

5o 

9.3731x64 

8.9551291 

7.89942 

8.2x446 

6.9369291 

55 

9.3857055 

8.9637491 

7.89646 

8.22381 

6 .  9346891 

3     o 

9 • 3979400 

8.97x9791 

7.89279 

8.23274 

6.93x7191 

5 

9.4098392 

8.9798391 

7.88841 

8.24128 

6.9280191 

10 

9.42x4211 

8.9873391 

7.88333 

8,24944 

6.9235991 

i5 

9.4327021 

8.9945091 

7.87753 

8.25724 

6.9x84291 

20 

9.4436975 

9.0013491 

7.87x00 

8.26470 

6.9125291 

25 

9.4544214 

9.0078791 

7.86374 

8.27x83 

6.9o586n 

3o 

9.4648868 

9.0x40991 

7.85573 

8.27864 

6.8984391 

35 

9.4751060 

9.02oo3o 

7.84695 

8.285x4 

6.8902011 

4o 

9.4850902 

9.0257091 

7.83737 

8.29x34 

6.88x1691 

45 

9.4948500 

9.0310991 

7.82697 

8.29725 

6.87x2991 

5o 

9.5043953 

9.0362391 

7.8x572 

8.30289 

6.86o53fi 

55 

9.5137354 

9.o4ixx9i 

7.80357 

8.30826 

6.8488791 

4     0 

9.5228787 

9.0457691 

7.79048 

8.3x336 

6.8362491 
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Logarithnu  of  the  Coefficients  for  IrUerpoUuicn  ly  BesseVs  Formula. 


ArgttniMitfbr 
Tb  13110018. 

Logarithms  of  the  Coefflciento  for 

First  Differeneos. 

Second  Differ- 

Third Differ- 

Fourth Diflfer- 

Fifth  Differ- 

ences. 

ences. 

ences. 

ences. 

A.    m. 

4    o 

9.5228787 

9.o4576n 

7.79048 

8.3x336 

6.836249) 

5 

9.53i8336 

9.o5oi6n 

7-7764X 

8.3x821 

6.8226x9) 

10 

9.5406075 

9.o5434n 

7.76x28 

8.32282 

6.8079x9) 

i5 

9.5492077 

9.o583on 

7.74503 

8.327x8 

6.792069) 

30 

9.5576409 

9.o62o4n 

7.72758 

8.33i3o 

6.775009) 

25 

9.5659134 

9.o6556n 

7.70883 

8.335x9 

6.7566x9) 

3o 

9. 57403 X 3 

9.0688891 

7.68867 

8.33886 

6.736809) 

35 

9.5820002 

9.072oon 

7.66696 

8.34230 

6.715429) 

4o 

9.5898255 

9.0749291 

7.64355 

8.34553 

6.692329) 

45 

9.5975124 

9.07764n 

7.6x825 

6.34854 

6.667309) 

5o 

9.6o5o655 

9.o8oi7n 

7.59082 

8.35x34 

6.64oi49) 

55 

9.6x24895 

9.0825291 

7.56098 

8.35394 

6.6xo559) 

5    o 

9.6197887 

9.o8468n 

7.52837 

8.35633 

6.578x89) 

5 

9 . 6269674 

9.o8665n 

7.49256 

8.35853 

6.542599) 

lO 

9.6340292 

9.o8845n 

7.45297 

8.36o52 

6.5o3i99) 

i5 

9.6400781 

9.09007n 

7.40883 

8.36232 

6.459239) 

20 

9.6478x75 

9.09x5291 

7.359x2 

8.36392 

6 .  409689) 

25 

9.6545509 

9.0927991 

7 . 3o24o 

8.36533 

6.353x09) 

3o 

9.66118x4 

9.0938891 

7.23655 

8.36655 

6.287379) 

35 

9.6677123 

9.0948x9) 

7.i583o 

8.36758 

6.209229) 

4o 

9.6741464 

9.0955791 

7.062x4 

8.36842 

6.xx3x59) 

45 

9.6804866 

9.0961691 

6.93779 

8.36907 

5.988867) 

5o 

9.6867355 

9.096579) 

6.762x2 

8.36954 

5.8i324n 

55 

9.6928959 

9.09683?) 

6.46x34 

8.36982 

5.5x249n 

6    0 

9.6989700 

9.096919) 

_oc 

8.36991 

-MK 

5 

9 . 7049604 

9.096839) 

6.46x349) 

8.36982 

5.5x249 

10 

9.7x08692 

9.096579) 

6.762x29) 

8.36954 

5.8x324 

i5 

9.7166988 

9.096x69) 

6.937799) 

8.36907 

5.98886 

20 

9. 72245 XX 

9.095579) 

7.o62x4n 

8.36842 

6.xx3i5 

25 

9.7281282 

9.o948xn 

7.i583o9) 

8.36758 

6.20922 

3o 

9.7337321 

9.093889) 

7.23655n 

8.36655 

6.28737 

35 

9.7392646 

9.092799) 

7.302409) 

8.36533 

6.353x0 

4o 

9.7447275 

9.091529) 

7.359x29) 
7.408839) 

8.36302 
8.36232 

6.40968 

45 

9.750x225 

9.090079) 

6.45923 

5o 

9.75545x4 

9.088459) 

7.452979) 

8 . 36o52 

6.5o3i9 

55 

9.7607x56 

9.086659) 

7.492569) 

8.35853 

6.54259 

7    0 

9.7659167 

9 .  084689) 

7.528379) 

8.35633 

6.57818 

5 

9.77x0564 

9.082529) 

7.560989) 

8.35394 

6.6io55 

ID 

9.776x360 

9.080x79) 

7.590829) 

8.35x34 

6.64ox4 

i5 

9.78xx568 

9.077649) 

7.618259) 

8.34854 

6.66730 

20 

9.786x202 

9.074929) 

7.643559) 

8.34553 

6.69232 

25 

9.79x0275 

9 .  072009) 

7 .  666969) 

8.34230 

6.7x542 

3o 

9.7958800 

9.068889) 

7.688679) 

8.33886 

6.73680 

35 

9.8006789 

9.065569) 

7.708839) 

8.335x9 

6.7566X 

4o 

9.8054253 

9 . o62o4n 

7.727589) 

8.33x3o 

6.77500 

45 

9.810x205 

9.o583o9) 

7 .  745o39) 

8.32718 

6.79206 

5o 

9.8147654 

9.o5434n 

7.76x289) 

8.32282 

6.8079X 

55 
8    o 

9.8x93611 

9.o5oi69) 

7.7764in 

8.3x82x 

6.82261 

9.8239087 

9.045769) 

7.790489) 

8.3x336 

6.83624 
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Table  XXIV. 


LogarithmB  of  ths  Co^fidenU  for  InterpoUuion  hf 

BesseVs  FormuU. 

ArgameDtlbr 
TtalS  boara. 

Logarithma  ofttie  Coefficients  for 

First  Diflbreneas. 

Second  Differ- 
enceH. 

Third  Diffte- 
encen. 

Fourth  Dilfer- 
enoes. 

Fifth  Diflfer^ 
races. 

h.    m. 

8     o 

9.6239087 

9.o4576n 

7.7904871 

6.3x336 

6.836a4 

5 

9.8284092 

9.o4iiin 

7,8035771 

8.30826 

6.64887 

lO 

9.8328636 

9.o3623n 

7.8157271 

6.30289 

6.86o53 

i5 

9.8372727 

9.o3io9n 

7.8269771 

8.29725 

6.67x29 

20 

9.8416375 

9.o257on 

7.8373771 

8.29134 

6.86xx6 

a5 

9.8459589 

9.o2oo3n 

7 .  8469571 

6.265x4 

6.89020 

3o 

9.8502377 

9.oi4o9n 

7.8557371 

8.27864 

6.89843 

35 

9.8544747 

9.0078771 

7.86374n 

6.27183 

6.90566 

4o 

9.8596709 

9.ooi34n 

7.8710071 

8 . 26470 

6.9x252 

45 

9.8628268 

8 . 9945on 

7.8775371 

8.25724 

6.91642 

5o 

9.8669434 

6.9873371 

7.8833371 

8.24944 

6,92359 

55 

9.8710213 

8.97983n 

7.8884in 

6.24x26 

6,92801 

9    o 

9.8750613 

8.97i97n 

7.8927971 

6.23274 

6.93x71 

5 

9.8790640 

8.9637471 

7.8964671 

6.22361 

6.93468 

10 

9.883o3o2 

8.955i2n 

7.8994271 

6.2x446 

6.93692 

i5 

9.8869605    . 

6.946o8n 

7.9016671 

8.20469 

6.93842 

20 

9.8908555 

8.9366i7» 

7.9031971 

8.x 9446 

6.93919 

25 

9.8947160 

8.9266971 

7.9039971 

8.16375 

6.93920 

3o 

9.8985424 

6.9162771 

7.9040471 

6.17253 

6.93645 

35 

9.9023354 

8.9o534n 

7.9033371 

8.x 6076 

6,93692 

4o 

9.9060955 

8.8938671 

7.9018371 

8.X4846 

6.93458 

45 

9.9098234 

8.8817971 

7.8995271 

6.X3553 

6.93141 

5o 

9.9135195 

8.8691071 

7.8963771 

8.12194 

6.92737 

55 

9.9171845 

8.855737* 

7.6923571 

8.10766 

6.92243 

lO     o 

9.9208187 

8.84i64n 

7.6873971 

8.09364 

6.91655 

5 

9.9244339 

8.8267671 

7.6814771 

8.07661 

6 . 90968 

lO 

9.9279973 

8.8iio37»» 

7.8745171 

8. 0601 I 

6.90x75 

i5 

9.9315426 

6.7943771 

7.6664671 

8.04346 

6.89270 

20 

9.9350592 

8.7767071 

7.6572271 

8,02377 

6.88244 

25 

9.9385475 

8.7579171 

7.8467071 

8.00394 

6.87069 

3o 

9.9420080 

8.7378971 

7.6348071 

7.98286 

6.8579a 

35 

9.9454412 

8.7165071 

7.8213671 

7.96039 

6.6434a 

4o 

9.9486475 

6. 693580 

7.8062671 

7.93636 

6.63731 

45 

9.952227a 

8.6689371 

7.7693271 

7.9x058 

6. 6001a 
6.7889X 

5o 

9.9555809 

8.6423271 

7.7702671 

7.8828a 

55 

9.9589088 

8.6x34671 

7.7488371 

7.65379 

6.7663X 

II      o 

9.9622115 

8.582007I 

7.7246771 

7.8aox3 

6.74095 

5 

9.965489a 

8.54749» 

7.6973471 

7.78439 

6.7x239 

lO 

9.9687423 

8.5093571 

7.6662671 

7.74501 

6.66007 

i5 

9.9719713 

6.4668291 

7.63o687i 

7.70x21 

6,64322 

20 

9.9751764 

8.4188771 

7.5895771 

7.65x97 

6.60063 

25 

9.9783581 

8.364o67i 

7.54149^ 

7.59564 

6.55x4a 

3o 

9.9815166 

8 .  3002871 

7.46434n 

7.53071 

6.49393 

35 

9.9846523 

8.2242371 

7.4148271 

7.45330 

6.4aao4 

4o 

9.9877655 

8.i3o437i 

7.3274671 

7.356x1 

6.33338 

45 

9.9908566 

8.0085971 

7.21x9571 

7.23464 

6.81636 

5o 

9.9939258 

7.8355671 

7.0451671 

7.o6o38 

6.o48x4 

55 

9.9969736 

7.5375871 

6.7533671 

6.76099 

5.75485 

12       0 

0.0000000 

— oc 

— 00 

— 00 
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To  compare  the  CerUenmal  Thermometer  vfith  FahrenheiCs. 


CmUm. 

Fahrenheit. 

Cent. 

Fahrenheit. 

Cent. 

Fahrenheit. 

Cent.  |Fahrenh't. 

Cent. 

Fahranh*t. 

1 

+  IOO 

0 
-j-212.0 

0 
+  71 

e 
+  159.8 

0 
+42 

0 
+  107.6 

0 
+  13 

0 
+55.4 

0 
—  16 

0 
+    3.2 

« 

99 

210.2 

70 

158.0 

4i 

io5.8 

12 

53.6 

—  17 

+  1.4 

98 

208.4 

69 

i56.2 

4o 

104.0 

11 

5i.8 

—  18 

—  0.4 

97 

206.6 

68 

1 54. 4 

39 

102.2 

10 

5o.o 

—  19 

—    2.2 

96 

204.8 

67 

x52.6 

38 

100.4 

9 

48.2 

—20 

—    4.0 

95 

2o3.o 

66 

i5o.8 

37 

98.6 

8 

46.4 

—21 

—  5.8 

94 

201.2 

65 

149.0 

36 

96.8 

7 

44.6 

— 22 

-  7.6 

93 

199.4 
197.6 

196.8 

64 
63 
62 

147.2 

145.4 
143.6 

35 

34 
33 

95.0 
93.2 
91.4 

6 
5 
4 

42.8 
4i.o 
39.2 

—23 
-24 
—25 

—  9.4 

ProportioDil 
farts. 

92 

11.2 

—  i3.o 

C.     Fah't. 

9^ 

0         0 

90 

*i94*o 

61 

i4x.8 

32 

89.6 

3 

37.4 

—26 

— 14.8 

0. 1  0.18 

89 

192.2 

60 

i4o.o 

3i 

87.8 

2 

35.6 

-27 

—  16.6 

0.2  0. 36 

88 

190.4 

59 

i38.2 

3o 

86.0 

+ 1 

•  33.8 

—28 

— 18.4 

0.3  0 . 54 

87 

188.6 

58 

136.4 

29 

84.2 

0 

32. 0 

—29 

— 20.2 

0.4  0.72 
0. 5  0.00 

86 

186.8 

57 

134.6 

28 

82.4 

—  1 

3o.2 

— 3o 

— 22.0 

85 

i85.o 

56 

i32.8 

27 

80.6 

—  2 

28.4 

— 3i 

—23.8 

0.6 

1.08 

84 

i83.2 

55 

i3x.o 

26 

78.8 

—  3 

26.6 

—32 

—25.6 

d.7 
0.8 

1 .26 

83 

181. 4 

54 

129.2 

25 

77.0 

-  4 

24.8 

—33 

27.4 

1.44 

82 

179.6 

53 

127.4 

24 

75.2 

—  5 

23. 0 

-34 

— 29.2 

0.9 

I.O 

1.62 

81 

177.8 

52 

125.6 

23 

73.4 

—  6 

21.2 

-35 

— 3i.o 

1.80 

80 

176.0 

5i 

123.8 

22 

71.6 

—  7 

19. 4 

—36 

—32.8 

79 

174.2 

5o 

122.0 

21 

69.8 

—  8 

17.6 

-37 

—34.6 

78 

172.4 

49 

120.2 

20 

68.0 

—  9 

i5.8 

—38 

—36.4 

77 

170.6 

48 

118.4 

'9 

66.2 

—10 

14.0 

-39 

—38.2 

76 

x68.8 

47 

116. 6 

18 

64.4 

—  11 

12.2 

-4o 

— 4o.o 

75 

167.0 

46 

114.8 

17 

62.6 

—12 

10.4 

-4 1 

— 4i.8 

74 

i65.2 

45 

ii3.o 

16 

'60.8 

— 13 

8.6 

-42 

—43.6 

73 

i63.4 

44 

112.2 

i5 

59.0 

-i4 

6.8 

-43 

-45.4 

+  72 

+161.6 

+43 

+  109.4 

+i4 

+  57.2 

— 15 

+  5.0 

-44 

—47 -a 

Table   IXVI. 

To  compare  Reaumu^*9  Thermometer  toith  Fahrenheit^a. 


Reaiim. 

Fahrenheit. 

Rln'r. 

Fahrenheit. 

R'm'r. 

Fahrenheit. 

R'm'r. 

+  11 

Fahrenh't. 

R'm'r. 

Fahrenht. 

1 

0 
+   80 

0 
+212.0 

0 
+57 

0 
+  160.25 

0 
+34 

0 
+  108.5 

0 
+56.75 

— 12 

0 
+  5.0 

79 

209.75 

56 

i58.o 

33 

106.25 

10 

54.5 

— 13 

+  2.75 

78 

207.5 

55 

J55.75 

32 

104.0 

9 

52.25 

-i4 

+  0.5 

77 

2o5.25 

54 

i53.5 

3i 

101.75 

8 

5o.o 

— 15 

—  1.75 

76 
75 

2o3.o 
200.75 

53 

52 

i5i.25 
149.0 

3o 

99.5 

97.25 

95.0 

7 
6 

47.75 
45.5 

1 1%        c 

-16 

—  4-0 

—  6.25 

—  8.5 

Praportknial 
Paru. 

29 

—  17 

R.  1  FahH. 

74 

198.5 

5i 

146.75 

28 

5 

43.25 

— 18 

0 

0 

73 

196.25 

5o 

144.5 

27 

92.75 

4 

4i.o 

*9 

— 10.75 

0.1 

0.226 

72 

194.0 

49 

142.25 

26 

90.5 

3 

38:75 

— 20 

— i3.o 

0.2 

0.45 

71 

191.75 

48 

i4o.o 

25 

88.25 

2 

36.5 

— 21 

— i5.25 

0.3 

0.676 

70 

189.5 

47 

137.75 

24 

66.0 

+  I 

34.25 

— 22 

— 17.5 

0.4 

0.90 

69 

187.25 

46 

135.5 

23 

83.75 

0 

32. 0 

—23 

—19.75 

0.5 

1.126 

68 

i85.o 

.45 

133.25 

22 

81.5 

—  1 

29.75 

-24 

— 22.0 

0.6 

1.35 

67 

182.75 

44 

i3i.o 

21 

79.25 

—  2 

27.5 

—25 

—24.26 

0.7 

1.676 

66 

180.5 

43 

128.75 

20 

77.0 

—  3 

25.25 

—26 

—26.5 

0.8 

1.80 

65 

178.25 

42 

126.5 

19 

74.75 

-  4 

23. 0 

—27 

—28.76 

0.9 

2.026 

64 

176.0 

4i 

124.25 

18 

72.5 

—  5 

20.75 

—28 

— 3i.o 

1.0 

2.26 

63 

173.75 

40 

122.0 

17 

70.25 

—  6 

18.5 

29 

-33.26 

.62 

171.5 

n 

119.75 

16 

68.0 

—  7 

16.25 

— 3o 

—35.5 

61 

169.25 

117.5 

l5 

65.75 

—  8 

14.0 

— 3i 

-37.76 

60 

1 67 . 0 

37 

ii5.25 

i4 

63.5 

—  9 

11.75 

—32 

— 4o.o 

59 

164.75 

36 

ii3.o 

i3 

61.25 

— 10 

9.5 

—33 

— 42.26 

+  58 

+  162.5 

+35 

+  110.75 

+  12 

+  59.0 

—11 

+  7-25 

-34 

-44.5 

1 

*<*  IUauinur=(3Sf+?a:«)  Fahrenheit. 

4    • 
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Table  XXVIL 


Height  of  Barometer  eorreMpcndmg  to  Temperature  of 


Fali't 
Degreos. 


i85.o 
.1 

.2 

.3 

.  .4 
.5 
.6 

•7 

.8 

•9 
186.0 

.1 

.a 

.3 

.4 
.5 
.6 

•7 
.8 

187.0 
.1 
.2 
.3 
.4 

.5 
.6 

•7 
.8 

'  '9 
188.0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

a     -9 
189.0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

•9 
X90.0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 


Engllsli 
Inches. 


Dur. 


17.049 
.086 
.123 
.161 
.198 
.236 
.273 
.3io 
.34s 
.386 

.424 
.462 
.5oo 
.538 
.576 
.6i5 
.653 
.691 
.730 
.768 
.807 
.846 

.884 
.923 
.962 

18.001 
.o4o 
.079 

.  .118 
.i58 
.197 
.236 
.276 
.3i5 
.355 
.395 
.434 
.474 
.5i4 
.554 
.594 
.634 
.674 
.714 
.755 
.795 
.835 
.876 
.9x7 
.957 
.998 

19.039 
.080 
.121 
.162 

.203 

.244 

.285 
.3a6 


©37 

037 

o38 

037 

o38 

037 

037 

o38 

o38 

o38 

o38 

038 

o38 

o38 

039 

o38 

o38 

o3< 

o3i 

039 

039 

o38 

039 

039 

039 

039 

039 

039 

o4o 

039 

039 

o4o 

039 

o4o 

o4o 

039 

o4o 

o4o 

o4o 

o4o 

o4o 

o4o 

o4o 

04 1 

o4o 

o4o 

04 1 

o4i 

o4o 

04 1 

04 1 

o4i 

o4i 

o4i 

o4i 

o4i 

o4i 

o4i 


Fali't 
Degrees. 


English 
Inches. 


190.8 

•9 
191. o 

.1 

•  2 

.3 

.4 
.5 
.6 

•7 
.8 

•9 
X92.0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

•9 
193.0 

.1 

.2 

.3 

.4 
.5 

.  .6 

•7 
.8 

•9 
194-0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 

.8 

195.0 
.1 
•  a 
.3 

.4 
.5 
.6 

•7 
.8 

•9 
196.0 

.1 

.2 

.3 

.•4 
.5 
.6 


19 


ao 


ai 


3a6 
368 
409 
45o 
49a 

534 
575 
617 
659 
701 
743 
785 
837 
869 
91a 

954 
996 
039 
082 

xa4 
167 
aio 
a53 
396 
339 
38a 
4a6 
469 

5X2 

556 
599 
643 
687 
73x 
775 
819 
863 
907 
95 1 
996 
o4o 

084 
139 

174 
ai8 
a63 
3o8 
353 
398 
443 
488 
533 
578 
623 
669 

7x4 
760 
806 
85i 


DiiC 


042 
o4i 
o4i 
042 
042 

o4i 
042 
042 
042 
042 
042 
o42 
042 

o43 
042 
042 
043 
043 
o42 

043 
043 

o43 
o43 
o43 

o43 

o44 
o43 
o43 

o44 
043 

o44 
044 
044 
044 
o44 
044 
044 
044 
045 

o44 
o44 
045 
o45 

044 
045 
045 
045 
045 
045 
045 
045 
045 
045 
o46 
045 
o46 
o46 
045 


Fsh't 
Degrees. 


X96.b 

•7 

.8 

•9 

X97.0 

.1 
.2 
.3 

.4 
.5 
.6 

•7 
.8 

X98.0 
.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

•9 
199.0 

.X 

.2 
.3 

.4 
.5 
.6 

•7' 
.8 

•9 
200.0 

.X 

.a 
.3 

.4 
.5 
.6 

•7 

.8 

•9 
201.0 

.1 

•  a 

.3 

.4 
.5 
.6 

•7 
.8 

•9 
aoa.o 

.1 

.a 

.3 

.4 


English 
Inches. 


21 


2a 


a3 


a4 


85x 
897 
943 
989 
o35 
081 
ia8 

X74 
aai 
367 

3x4 
36 1 
407 

454 
5ox 
548 
595 
642 
689 
736 

784 
83i 
879 
926 

974 
022 
070 
xx8 
x66 

2X4 

36a 
3x1 
359 
407 
456 
5o5 
553 
60a 
65x 
700 

749 

798 

847 
897 

946 
996 
o45 
095 
x45 
195 
345 
395 
345 
395 
445 

495 
546 
596 

647 


w 

Diff. 


o46 
o46 
o46 
o46 
o46 
047 
o46 
047 
o46 

047 
047 
046 
047 

047 
047 

047 

047 

047 

047 
o48 

047 
o48 
047 
o48 
o48 
o48 
o4e 
o4i 
o48 
o48 

049 
o48 
o48 
049 
049 
049 
049 

049 
049 

049 
049 
049 
o5o 
049 
o5o 

049 

o5o 

o5o 

o5o 

o5o 

o5o 

o5o 

o5o 

o5o 

o5o 

o5x 

o5ol 

o5i 


Fsh't 


ao2.4 

.5 
.6 

•7 

.8 

•9 
aoS.o 

.X 
.3 

.3 

.4 
.5 
.6 

.  -7 
.8 

•9 
ao4.o 

•  X 
.3 

.3 

.4 
.5 
.6 

•7 
.8 

ao5.o 

.X 

.2 
.3 

.4 
.5 
.6 

•7 
.8 

•9 
ao6.o 

.X 

.2 

.4 
.5 
.6 

•7 
.8 

•9 
307.0 

.1 

.3 

.3 

.4 
.5 
.6 

•7 
.8 

•9 
208.0 

.1 

.2 


English 
Inches. 


35 


36 


37 


24.647 

697 

748 

799 
85o 

901 

952 

oo3 

o55 

X06 

x58 

3XO 

36x 
3i3 
365 

417 
469 

531 

573 

686 

678 

73o 

783 

836 

888 

941 

994 

047 
100 

x53 

306 

359 

3x3 

366 

430 

473 

537 
58  X 
635 
689 
743 

797 
853 

906 

961 

ox5 

070 

135 

x8o 
335 
390 
345 
4oo 
456 
5ix 
566 
633 
678 
733 


Dur. 

.o5o 
.o5i 
.o5i 
.o5i 
.o5i 
.o5i 
.o5i 
.o52 
.o5i 
.o5a 
.o5a 
.o5x 
.o5a 
.o52 
.o52 
.o52 
.062 
.o5a 
.o53 
.o5a 
.o52 
.o53 
.053 
.o52 
.o53 
.053 
.053 
.o53 
.o53 
.053 
.o53 

.o54 
.053 

.o54 

.053 

.o54 

.o54 

.o54 

.054 

.o54 

.o54 

.o55 

.o54 

.o55 

.054 

.o55 

.o55 

.o55 

.o55 

.o55 

.o55 

.o55 

.o56 

.o55 

.o55 

.o56 

.o56  : 

.o55 


BoUing  Water. 


Fah't   I  English 
DsKreesJ  Inches. 


20d.2 
.3 
.4 

.5 
.6 

•7 
.8 

•9 
209.0 

.X 

.2 
.3 

.4 
.5 
.6 

•7 
.8 

•9 
2x0.0 

.1 

.2 
.3 

.4 
.5 
.6 

•7 
.8 

•9 
211.0 

.X 

.2 
.3 

.4 
.5 
.6 

•7 
.8 

•9 
212.0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

2X3. o 
;i 
.2 
.3 

.41 

.5 

.6 

•7 
.8 

•9 
314.0 


27.733 
.789 
.845 
.901 
.957 

28.013 
.069 
.X26 
.X82 
.239 
.295 
.352 
.409 
.466 
.523 
.58o 
.637 
.695 
.752 
.8x0 
.867 
.925 
.983 

29.04X 
.099 
.x57 
.2x5 
.274 
.332 
.391 

.449 
.5o8 
.567 
.626 
.685 

.744 
.8o3 
.863 
.922 
.982 
3o.o4x 
.101 
.161 
.221 
.28X 
.341 
.4ox 
.462 

.522 

.583 
.644 
.704 
.765 
.826 
.887 
.948 
31.009 
.07X 
.x32 


Dur. 


o56 

o56 

o56 

o56 

o56 

o56 

057 

o56 

o57 

o56 

057 

057 

057 

057 

057 

057 

o58 

057 

o58 

057 

o58 

o58 

o58 

o58 

o58 

o58 

059 

o58 

059 

o58 

059 

059 

059 

059 

059 

059 

060 

059 

060 

059 

060 

060 

060 

060 

060 

060 

06  X 

060 

06  X 

06  X 

060 

06  X 

06  X 

06  X 

06  X 

061 

062 

061 


Table   XXVIII. 


3W 


Depression  of  Mercury  in  Glass  Tubes. 


{Diameter 
of  Tube. 


Inch. 

o.o5 
.10 
.x5 
.20 
.25 

.3o 
.35 
.40 
.45 
.5o 
.60 
.70 
0.80 


Ivory. 


Inch, 
o . 2949 

.x4o4 

.0865 
.0583 
.0409 
.0293 

.02X2 

.0X54 
.0X12 
.0082 
.0043 
.0023 
.0012 


Young. 


Inch. 
0.2964 
.x424 
.0880 
.0589 

.o4o4 
.0280 
.0196 
.0x39 
.0x00 

.0074 
.0045 


Laplace. 


Inch, 
o. 

.X394 
.0854 
.o58o 
.o4x2 
.0296 
.02x6 
.0x59 
.0XX7 
.0087 
.0046 

.0024 
.00x3 


Polason. 

Cavendish. 

DanieU.  1 
Boiled 
Tubes. 

Inch. 

inch. 

Inch. 

0.2796 
.x367 
.o83o 
.0559 
•  0394 
.028X 

0. 

.x4o 
.092 
.067 
.o5o 
.o36 

0. 
.070 

.044 
.029 
.020 

.0x4 

.0204 

.025 

.0x0 

.0x49 
.0x09 

.0x5 
.0x0 

.007 
.oo5 

.0080 
.oo4i 

.007 
.oo5 

.oo3 
.002 

.0020 

.0010 

Table   XXIX. 

Factors  hy  which  (he  Difference  of  Readings  of  the  Dry-bulb  and  Wet- 
bulb  Thermometers  must  be  multipUedy  in  order  to  produce  the  Differ- 
ence between  the  Readings  of  the  Dry-buib  and  Dew-point  Thermom- 
eters. 


« 

20 
21 
22 

23 

24 

25 

26 
27 
28 
29 

3o 
3i 


8.5 
8.5 
8.5 
8.5 
7.3 

6.4 
6.1 
6.x 
5.7 

5.0 
4.6 
3.7 


I 


32 

33 
34 
35 
36 

37 
38 

39 
4o 
4i 
4a 
43 


3.x 
2.8 
2.6 
2.6 
2.6 

2.5 

2.5 
2.5 

a.4 
2.4 
2.4 
2.4 


44 
45 
46 

47 
48 

t 

5x 

52 

53 

54 
55 


2.3 

2.3 
2.3 
2.2 
2.2 
2.2 
2.x 
2.x 
2.0 
2.0 
2.0 
2.0 


% 

n 
bl 


56 

57 
58 

59 

60 

6x 

62 

63 

64 
65 
66 
67 


i 


68 

69 
70 

71 

72 

73 

74 

75 

76 

77 
78 

79 


X.6 
X.5 
1.5 
1.5 
X.5 
1.5 
x.5 
1.5 
1.5 
1.5 
1.5 
x.5| 


«^ 


80 
8x 
82 
83 

84 
85 
86 
87 
88 
89 
90 


.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
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%  9* 

Right  Ascension, 
Jan.  1, 1850. 

Annual 

North  Polar  Diat., 

Annual 

No. 

X 

o»  A«  C< 

Constellation. 

Mng. 

Variation. 

Jan.  1, 1850. 

Variation. 

4 

21  Andromede, 

a 

• 

X 

A.      fit.          #• 

0    0  38. 57* 

+3.086 

Q           *              n 

6i  44  16.1* 

19.93 

2 

7 

II  Caasiopec, 

p 

2i 

I     I2.20* 

3.149 

3x  4o  39.9* 

19.89 

3 

II 

Phoenicia, 

e 

4 

X  47.34 

3.089 

i36  34  24.7 

20.04 

4 

16 

22  Andromedee, 

5 

2    32.69 

3.093 

4445  47.1 

20. o5 

5 

19 

Octantis, 

7' 

5 

3     6.19 

2.820 

173     3  3a. 9 

19.89 

6 

26 

88  Pegaai, 

y 

2 

5  3o.99* 

3.084 

76  39     a. I* 

30.  o4 

7 

52 

24  Andromeds, 

e 

5 

9  16.17 

3. Ill 

5a     9     5.1 

20. o3 

8 

62 

8  Ceti, 

I 

4 

11  47 -oS* 

3.060 

99    39   32. 0* 

19.98 

9 

64 

Tucane, 

c 

5 

X2  11.93 

3.159 

i55  45  26.9 

ai.i4 

lO 

70 

Tucanee, 

If 

k\ 

i3  41*72 

2.834 

160  27  3x.9 

19.88 

XX 

72 

Sculptoris, 

I 

5 

i3  58.54 

3. 025 

119  48  42.0* 

19.93 

12 

88 

Hydri, 

p 

3 

17  47.38 

3.297 

168     6    4.4 

ao.36 

i3 

93 

Phoenicis, 

K 

4 

18  49.23 

2.994 

i34  3o  5o.8 

19.79 

i4 

94 

Phoenicis, 

a 

2 

18  51.42 

,2.983 

i33     7  II. 7 

19.69 

i5 

io3 

Sculptoris, 

5 

20  29.10 

2.989 

123  5o    5.0 

20.02 

i6 

121 

• 

1 4  Cassiopeae, 

X 

5 

23  3i.35 

3.263 

36  18  22.7 

19.97 

^7 

124 

Phoenicis, 

X 

5 

24    9. 91 

2.906 

139  38     2.8 

19-94 

i8 

X26 

1 5  Casaiopeas, 

K 

4 

24  30.74* 

3.344 

27  53  48.2* 

19.96 

19 

127 

Tucaiue, 

^ 

4 

24  38.29 

2.770 

i53  47    9.2 

19.87 

20 

128 

Tucaiue, 

P* 

4 

24  39.13 

2.773 

i53  47  34.3 

19.89 

21 

1 34 

Tucanee, 

5 

25  51.93 

2.761 

i53  5i  36.8 

19.60 

22 

1 43 

Phoenicia, 

5 

27  19.48 

2.901 

i43  12     5.6 

19.95 

23 

i53 

# 

17  Caaaiopeie, 

f 

4 

28  38.45* 

3.299 

36  55  45.8* 

19.91 

24 

i55 

29  Andromeds, 

TT 

4i 

28  52.91 

3.183 

67    6  26.8* 

19.93 

a5 

1 64 

3o  Andiomedsy 

e 

4 

3o  38.35* 

3.164 

61  3o  II. 9* 

19.67 

fl6 

166 

3x  Androxnede, 

6 

3 

3i   18.99 

3.187 

69  57  38.5* 

19.76 

27 

169 

x8  Caaaiopee, 

a 

3 

32     1.58* 

3.354 

34  17     9.9* 

19.83 

28 

176 

Tucanee, 

5 

33  21.60 

2.8o5 

i5o  18     1.6 

ao.19 

29 

i83 

Phoenicia, 

^ 

5 

34  13.89 

2.869 

i36  54  37.5 

30.03 

3o 

x88 

Phoenicia, 

^ 

5 

34  54. 5i 

2.738 

147  19  33.9 

19.96 

Si 

189 

20  Caaaiopee, 

ff 

5 

35  11.45 

3.289 

43  47  47'9 

19.81 

32 

192 

Sculptoria, 

A» 

5 

35  29.35 

2.901 

129  17    8.4 

19.89 

33 

X96 

16  Ceti, 

/? 

2i 

36     3.42* 

3.016 

108  48  39.1* 

19.86 

34 

199 

Phoenicia, 

V 

5 

36  35.64 

2.713 

x48  17  17.3 

19.29 

35 

200 

17  Ceti, 

f 

5 

36  37.45 

3.o3i 

loi  35  37.1 

19.70 

36 

202 

Sculptoria, 

x« 

5 

36  57.03 

a. 919 

129  i4  56.6 

19.88 

37 

2X5 

34  Andrbmeds, 

c 

4 

39  23.79* 

3.169 

66  32  59.4* 

19.69 

38 

218 

24  Caaaiopee, 

n 

4 

4o     3.4o» 

3.564 

32  58  53.5* 

19.37 

39 

219 

25  Caaaiopee, 

V 

5 

4o  21.66 

3.359 

39  5x     7.9 

19.68 

4o 

222 

63  Piaciam, 

6 

5 

4o  54*20* 

3.107 

83  i3  56. 5« 

19.73 

4i 

227 

35  Andromeds, 

V 

4 

4i  33.42* 

3.279 

49  44  I9«9* 
91  67  •35.4* 

19.7a 

42 

242 

ao  Ceti, 

5 

45  2o».57* 

3.064 

19.67 

43 

245 

Caaaiopes, 

5 

46  35.01 

3.369 

42    6    7.8 

19.64 

44 

253 

27  Caaaiopes, 

y 

3 

47  41.83* 

3.548 

3o    5  48.1* 

19.64 

45 

259 

37  Andromedae, 

M 

4 

48  26.48* 

3.3ox 

62  18  54.0* 

19.68 

46 

262 

a  Urae  Minoria, 

5 

49    9.55* 

6.7x6 

4  33    2.4* 

19.59 

!   47 

264 

38  Andromedae, 

V 

5 

49  xa.5o 

3.190 

67  33  3a. I 

19.60 

48 

27a 

Sculptoris, 

a 

5 

5l   32. 5x* 

a.  899 

I30  10    8.7* 

19.63 

49 

a88 

71  Piaciam, 

e 

4 

55    9.75* 

3.1x4 

82  55     7.2* 

19.50 

5o 

3x7 

Phoenicia, 

^ 

3i 

0    59    23.10 

+2.693 

i37  3i  ai.3 

-19.37 

Table   XXX. 
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No. 
I 

2 

3 

4 
5 

Logarithms  of 

)                                Lof  arlthma  of 

a 

b 

e 

d 

a' 

y 

c' 

d' 

+8.8790 
9.io36 
8.9867 
8.9762 
9.7416 

+6.3273 
6.8230 
6.8791 

7.0214 
7*8733 

+0.4875 
0.4888 
0.4857 
0.4893 
0.4657 

+8.5544 
+9.0336 
—8.8478 
+8.8275 
—9.7385 

—9.5808 
9.3491 
9.4829 
9.4738 
8.8x82 

—9.6753 
-9.9299 
+9.86x1 
—9*85x2 
+9.9968 

— 1.3022 
I . 3022 
I . 3022 
I . 3022 
I . 3022 

+7.4483  . 
7.7194 
7.8924 
8.0452 
8.i3i6 

6 

7 
8 

9 

10 

8.8375 

8.9261 

8.8295 

*  9.2099 

9.2988 

7.2x92 
7.5333 
7.5411 
7.9364 
8.0757 

0.4884 
0.4931 
0.4856 
0.4643 
0.4542 

+8.23x7 
+8.7x40 
—8.0542 
—9.1698 
— 9.^730 

9.6x74 

9.5o23 
9.6390 
9.3555 
9.3043 

—9.3940 
—9.7875 
+9.2241 
+9.9593 
+9.9735 

Z.302X 
X.3OX9 
I.30I7 

i.3ox6 
i.3ox4 

8.38i5 
8.6068 
8.7110 
8.7259 
8.7761 

II 

12 

i3 

i4 
i5 

8.8848 
9.5o83 
8.9693 
8.9592 
8.9028 

7.6705 
8.3982 
7.8847 
7-8754 

7.8552 

0.4806 
0.4116 

0.4717 
0.4724 
0.4758 

—8.58x2 
—9.4989 
— 8.8i5i 
—8.7939 
—8.6485 

9.6094 
9.2x80 
9 . 5647 
9.5717 
9.6x3o 

+9.6957 
+9.9893 
+9.8443 
+9.8333 
+9.7440 

i.3ox4 
I . 3009 
I . 3oo8 
I . 3oo8 
I . 3oo5 

8.7849 
8 . 8886 
8.9140 
8.9148 
8.9507 

i6 

17 
18 

19 
20 

9.0492 
9.0101 
9.i5i3 
9.1763 
9.1763 

8.0620 
8.0348 
8.1822 

8.2094 
8.2097 

0.5128 
0.4632 
0.5238 
0 . 4439 
0.4439 

+8.9555 
— 8.8921 
+9.0976 
— 9.1291 
— 9.1292 

9.2416 
9.5579 
9.0358 

9.4594 
9.4592 

— 9.0040 
+9.8795 
—9.9439 
+9.9504 
+9.9504 

1.2999 
1.2998 
1.2997 
1.2997 
X.2997 

9.0105 
9.0222 

9.0284 
9 . o3o6 
9 . o3o8 

21 

22 
23 

24 
25 

9.1771 

9.0434 
9.0418 
8.8963 
8.8761 

8.23x5 
8.1218 
8.i4o8 
7.9991 
8.0048 

o.44i5 
0.4561 
0.5175 
o.5o23 
0 . 5007 

— 9.i3o3 
—8.9469 
+8.9445 
+8.63I2 

+8.5547 

9.4658 
9 . 55o4 
9.2071 
9.4714 
9.5022 

+9.9504 
+9 .  9004 

—9-^994 
—9.7314 

—9.6747 

1.2995 
1.299X 
1.2988 
1.2988 
1.2983 

9.o5i6 
9.0753 
9.0957 
9 . 0993 
9.X248 

26 
27 
28 
29 

3o 

8.8825 
9.0689 
9.1243 
8.9845 
9 . 0866 

8.0208 
8.2x70 
8 . 2904 
8.1620 
8.2727 

0.50x9 
0.5242 
0.4363 
0.4561 
0.4400 

+8.5820 
+8.9860 
— 9.o63x 
—8.8480 
— 9.01x8 

9.4879 

9 . 1  X  X  9 

9.5328 
9.6077 
9.5587 

— 9.6954 
— 9.9x29 
+9.9342 
+9.8586 
+9.920X 

1.2982 
I . 2980 
1.2976 

1.2974 
1.2972 

9.1342 
9.1439 
9.16x0 
9.1726 
9.18x1 

3i 

32 

33 

34 
35 

8.9786 
8.9299 

8.8424 
9.0977 
8.8270 

8.1683 
8.1233 
8.0428 
8.3o46 
8.0343 

o.5x64 
0.4627 
0.4770 
0.4356 
0.4811 

+8.8370 
—8.73x5 
— 8.35o8 
— 9.0274 
— 8.1240 

9.2785 
9.637X 
9 . 664o 
9.5604 

9.6598 

4 

—9.8533 
+9.7963 
+9.5o3x 
+9.9242 
+9.29x4 

1.297X 
X.2970 
1.2968 
1.2967 
1.2967 

9.1845 
9.1882 
9.1950 

9.2014 
9.2017 

36 

37 

38 

39 
40 

8.9293 
8.8549 
9.0814 
9.0104 
8.8300 

8.i4o5 
8 . 0945 
8.3283 
8.2607 
8.0762 

0.4617 
o.5oio 
o.535i 

0.5252 

0.4912 

—8.7305 

+8.4547 
+9.oo5o 

+8.8956 
+7.8914 

9.6412 
0.5x85 
8.9557 
9.1572 
9.6128 

+9.7955 
— 9.5934 
—9.9x70 
-9.8784 
— 9.0644 

I . 2966 
1.2958 
1.2956 
X.2955 
1.2953 

9.2o56 
9.2332 
9 . 2402 
9.2435 
9.2493 

4i 
42 
43 
44 
45 

8.9341 
8.8x56 
8.9882 
9.1142 
8.9157 

8.1974 
8.1177 
8.3023 
8.4388 
8.2474 

o.5i52 
0.4860 
0.5275 

0.5499 
o.5i68 

+8.7446 
—7.3496 
+8.8584 
+9.o5x3 
+8 .  7020 

9.33x6 
9 . 6439 
9.x5o5 
8.5900 
—9.3326 

—9.8032 

+8.5254 
— 9.86x1 
— 9.9276 
—9.7765 

1.2950 
1.2937 
1.2932 
X.2928 
1.2924 

9.2561 
9.2935 
9.3o5x 
9.3x5i 
9.3218 

46 

47 
48 

5o 

9.9143 
8.8485 
8.8761 
8.8x45 

+8.9797 

9.2523 
8.1872 
8.2341 
8.2045 
+8.4o3o 

0.8224 
o.5o37 
0.4621 
0.4928 
+0.4308 

+9.9130 

+8.4334 
—8.5773 

+7.9054 
—8.8475 

+9.2497 

— 9.5o34 

9.6874 

9.6035 

— 9.683 X 

—9.9886 

—9.5747 
+9.6902 

— 9.0782 

+9.8530 

1.2922 
I. 2921 
1.29x2 
I . 2895 

—1.2875 

9.3279 
9.3285 
9 . 3469 
9.3773 
+9.4086 

Cc 
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%V-> 

Risht  Asoemlon, 
Jan.  1,  1850. 

Annnal 

North  Polar  DIat., 

Annoal  ' 

No. 

5i 

B.A.C. 

ConstflUadon. 

Mag. 

• 

VarlatioD. 

Jan.  1, 1650. 

46  5i  3o.i 

Variation. 

3i8 

4 1  Andromedae, 

5 

0  .59  25. 3o 

+  3.410 

—  19.35 

52 

328 

80  Piscium, 

e 

5 

I     0  38.79* 

3.o83 

85    8  4x.8* 

19.17 

53 

33o 

42  Andromede, 

^ 

5 

0  49.11* 

3.437 

43  33  34.1* 

19.37 

54 

332 

3 1  Ceti, 

V 

H 

I     2.67 

3.019 

100  58  42.5 

19.23 

55 

333 

Tucansy 

I 

5 

I  19.95 

2.357 

i52  34  36.9 

19-49 

56 

334 

43  Andromedvy 

p 

2 

I  20.90* 

3.336 

55  10  33.2* 

19.27 

5? 

339 

33  Ca88iopee» 

e 

4i 

I  59.95* 

3.593 

35  38  58.3* 

19.33 

58 

34o 

Phcenicis, 

c 

5 

2    4.35 

2.555 

i46     3     1.5 

18.94 

59 

348 

84  Pisciuxn, 

X 

5 

3  24.08 

3.2x0 

69  45  52.6 

•19.28 

6o 

36o 

I  Urse  MinoriB, 

a 

2 

5    0.83* 

17.546 

X  29  24.7* 

19.27 

6i 

38o 

PhoeniciSy 

V 

4i 

8  25. x5 

2.725 

x36  19  59.4 

19.53 

62 

392 

Tucani&y 

K 

5 

10  41.92 

2.089 

x59  4o  29.8 

19.10; 

63 

398 

TucaiWy 

5 

II  50.37 

2.1x7 

x57  II   3i.3 

18.84 

64 

4o4 

46  Andromedv, 

i 

4i 

x3  3i.85 

3.493 

45  x5  34.4 

19.00 

65 

4l9 

36  Cassiopeey 

*  ' 

4i 

i5  24.16* 

4.X19 

22  39  18.x* 

19. OX 

66 

4i6 

37  Cassiopee, 

6 

3 

16    2.88* 

3.853 

So  32  47.3* 

18.92 

67 

420 

45  Ceti, 

e 

3 

16  3i.58* 

3.000 

98    57    32.2* 

x57  10  19. I 

18.75 

68 

422 

Tucanvy 

5 

16  47.59 

2.o4i 

x8.52 

69 

426 

Phcenicisy 

5 

X8      2.32 

2.666 

i32  16  26.8 

18.94 

70 

427 

93  Piscium, 

p 

5 

18  X0.60 

3.216 

71   36  34.5 

18.96 

71 

429 

46  Ceti, 

5 

18  14*70 

2.952 

io5  22  5o.6 

18.91 
18.68 

72 

43i 

94  PiBcium, 

5 

18  36. 06 

3.225 

71  32  16.7 

73 

432 

48  Andromedv,  - 

0 

5 

18  42.39* 

3.55o 

45  22  10.6* 

18.78 

74 

438 

38  Cassiopee, 

A 

5 

20     9.01 

4.324 

20  3o  36. 0 

18.76 

75 

44i 

49  Andromeds, 

A 

5 

21     7.73 

3.556 

43  46     5.5 

18.78 

76 

447 

Phcenicuy 

r 

3 

21  5i.i6 

2.634 

i34     5  x4.8 

18.64 

77 

448 

98  Piacium, 

/* 

4i 

22  19.73* 

3.137 

84  37  53.2* 

18.60 

78 

453 

99  Piacium, 

V 

4 

23  27.80* 

3.200 

75  25  45.0* 

18.76 

79 

46i 

Phcenicis, 

6 

4 

25      O.II 

2.509 

139  5x   i5.6 

18.77 

80 

480 

5o  Andromedsy 

5 

28    0.81* 

3.489 

49  20  48.7* 

X8.22 

81 

487 

5x  Andromeds, 

3^ 

28  48.69* 

3.639 

42     8     2.5* 

18.45 

82 

488 

102  Piacium, 

v 

5 

29     9.21* 

3. 171 

78  37  38.1* 

x8.64 

83 

5o2 

53  Andromeds, 

T 

5 

3i  44.87 

3.5x6 

5o  XI     8.1 

18. 38 

84 

5o7 

Eridani, 

a 

I 

32     7.23 

2.238 

i48     0     0.5 

X8.45 

85 

5i8 

106  Piacium, 

V 

5 

33  37.69* 

3.X17 

85  16  25.3* 

x8.38 

86 

522 

54  Andromeds, 

f 

4 

34  17.28* 

3.7x6 

4o    4    9.x* 

18.35 

87 

536 

52  Ceti, 

T 

3i 

37     6.09 

2,788 

io6  43  43.5 

19.15 

88 

537 

xio  Piacium, 

0 

5 

37  28.67* 

3.162 

81   35  56.9* 

18. 3i 

89 

54 1 

Sculptoria, 

e 

5 

38  37.35 

2.819 

1x5  48  14.9* 

x8.s4 

90 

55o 

Eridani, 

9' 

5 

4o  a3.3o 

2.287 

i44  16  37.6 

17.97 

9» 

559 

53  Ceti, 

X  . 

5 

42  I 3. 00* 

2.946 

lox  25  49.9* 

18.00 

92 

564 

45  Caaaiopeae, 

e 

3 

43  39.68* 

4.22X 

27     4  X7.9* 

18.04 

93 

565 

55  Ceti, 

c 

3 

44    3.54 

2.960 

loi     4  42.9 

17.90 

94 

569 

2  Trianguli, 

a 

3i 

44  32,57* 

3.399 

61     9  i4.o* 
71  26  38.5* 

X7.80 

95 

572 

5  Arietia, 

7' 

4i 

45  18.43* 

3.277 

X7.89 

96 

573 

5  Arietia, 

J* 

4i 

45  18.43* 

3.279 

71  26  29.0* 
69  55  38.7* 

17.88 

^l 

577 

6  Arietia, 

p 

3 

46  21.69* 

3.297 

17.82 

98 

582 

Phcenicia, 

5 

47  37.92 

2.4X2 

x37     2  17.7 

17.79 

99 

585 

Phcenicia, 

* 

5 

48    8.43 

2.491 

+1.458 

i33  x4     1.6 

17.90 

100 

589 

Hydri, 

n' 

5 

1     <*  45.68 

i58  4o  58.3 

—17.96? 
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No. 

Logarithnu  of 

Logarithms  of 

a                 b 

1        c 

d 

a' 

y 

f 

1       rf' 

5i 

+8.9460 

+8.3697+0.5304 

+8.7810 

— 9.i5oi 

— 9.8202 

—1.2875  +9.4089  ' 

52 

8.8101 

8.2430 

0.4914 

+7.7376 

9.6i3x 

— 8.912X 

1.2868 

9.4175 

53 

8.970^ 

8.4o44 

0.5365 

+8.83o3 

9.0374 

—9.8447 

1.2868 

9.4187 

54 

8.8i63 

8.2523 

0.4775 

— 8.0961 

9.6777 

+9.2642 

1.2866 

9.4203 

55 

9.1449 

8.5829 

0.3783 

— 9.0931 

9.638i 

+9.9325 

1.2865 

9.4223 

56 

8.8939 

8.3320 

0.5207 

+8.65o6 

0.3X22 

8.5539 

—9.7409 
—9.8938 

1.2865 

9.4224 

h 

9.0423 

8.4852 

0.5525 

+8.9522 

1.286X 

9.4269 

58 

9.0608 

8.5o43 

0.4047 

— 8.9796 

9.6668 

+9.9027 
— 9.5221 

I. 2861 

9.4274 

^ 

8.8348 

8.2880 

o.5o59 

+8.3737 

—9.4951 

1.2854 

9.4364 

6o 

0.3911 

9.8559 

I . 2420 

+0.3909 

+9-4289 

— 9.982X 

1.2845 

9.4470 

6i 

8.9651 

8.4533 

0.4247 

—8.8245 

—9.7096 

+9.8397 

I .2826 

9.4685 

62 

9.2622 

8.7655 

0.2955 

— 9.2342 

9.6389 

+9. 95x1 

1.28x2 

9.4823 

63 

0.2I38 
0.9497 

8.7245 

0.3202 

—9.1784 

9.6555 

+9.9429 
—9.8248 

X.2805 

9.4891 
9.4988 

64 

8.4713 

0 . 5426 

+8.7972 

—8.9355 

1.2795 

65 

9.2143 

8.7476 

0.61^4 

+9.1794 

+9.XX73 

—9.9412 

1.2783 

9.5094 

66 

9.0935 

8.6307 

o.58o8 

+9.0286 

+8 .  7774 

—9.9108 

1.2779 

9.5x29 

67 

8.8o46 

8.3448 

0.4773 

—7.9969 

—9.6810 

+9.X677 

1.2775 

9.5x55 

68 

9.2103 

8.7521 

0.3067 

— 9-1749 

9.6735 

+9.0397 
+9.802X 

1.2774 

9.5170 

69 

8.9290 

8.4784 

0.4257 

—8.7569 

9.7370 

1.2765 

9.5237 

70 

8.8209 

8.3711 

0.5078 

+8.3x99 

9.4862 

—9.4732 

1.2765 

9.5244 

71 

8.8i3o 

8.3646 

0.4695 

—8.2376 

9.7052 

+9.3978 

1.2764 

9.5248 

72 

8.8208 

8.3736 

o.5o8o 

+8.32x4 

9-4844 

—9-4746 

1.2762 

9.5267 

73 

8.9455 

8.4989 

0.5459 

+8.7922 

— 8.859X 

— 9 . 8205 

1.276X 

9.5273 

74 

9.2523 

8.8142 

o.633o 

+9.2238 
+8.8x48 

+9.2276 

—9.9444 

1.275X 

9.5348 

75 

8.9562 

8.5239 

o.55o8 

—8.6981 

—9 .8308 

1.2744 

9.5399 

76 

8.9393 

8.5x12 

0.4179 

—8.7818 

9.7442 

+9.8142 
—8.9424 

1.2739 

9.5436 

77 

8 . 7972 

8.3718 

0.4934 

+7.7682 

9.6012 

1.2736 

9.5460 

78 

8.8087 

8.3898 

0 . 5o44 

+8.2093 

9.5x90 

—9.37x2 

1.2728 

9.55x7 

Z9 

8.9840 

8.5738 

0.3972 

—8.8673 

9.7458 

+9-8528 

1.27x6 

9.5592 

80 

-  8.9110 

8.5175 

0.5442 

+8.7249 

8.9299 

— 9.781X 

1.2694 

9.5736 

81 

8.9638 

8.5746 

0.5598 

+8.8340 

8.0374 

—9.8367 

1.2688 

9.5774 

82 

8.7988 

8.4xi5 

o.5oi4 

+8.0937 

9.5448 

— 9.2612 

1.2685 

9.5790 

83 

8.9027 

8.5292 

0.5447 

+8.7091 

8.9232 

— 9.7706 

X.2665 

9.5908 

84 

9.0636 

8.6921 

0.3490 

—8.9921 

9.7496 

+9.8924 

1.2662 

9.5924 

85 

8.7881 

8.4245 

0.4934 

+7.7040 

— 9.6018 

—8.8786 

1.2649 

9.599X 

86 

8.9774 

8.6172 

0.5689 

+8.86x2 

+8.4249 

—9.8460 

X.2644 

9.6020 

87 

8.8025 

8.4567 

0.4632 

—8.2617 

—9.7275 

+9.4190 

1.2620 

9.6140 

88 

8.7881 

8.4442 

0.4986 

+7.9527 

9.5670 

— 9.X241 

X.2617 

9*6x56 

89 

8.8280 

8.4898 

0.4473 

—8.4668 

,9.7576 

+9.5973 

X . 2607 

9 . 6203 

90 

9.0145 

8.685x 

• 

0.3583 

— 8.9240 

9.7766 

+9.8664 

1.2592 

9.6275 

91 

8.7870 
9.1198 

8.4675 

0.4704 

— 8.o85o 

—9.7083 

+9.2523 

X.2575 

9.6349 

^o 

8.8o63 

0.6247 

+9.0694 

+9.2824 

— 9.9036 

1.2562 

9.6405 

93 

8.7857 

8.4742 

0.4707 

— 8.0693 

—9.7077 

+9.2373 

1.2558 

9.6421 

94 

8.8346 

8.5254 

o.53o8 

+8.5i8i 

9.2243 

—9.6366 

1.2554 

9.6440 

95 

8.7995 

8.4940 

o.5x45 

+8.3023 

9.4319 

— 9.4552 

X.2547 

9.6469 

96 

8.7995 

8.4940 

o.5i45 

+8.3o23 

9.4317 

— 9.4552 

1.2547 

9.6469 

97 

8.8026 

8.5o2o 

o.5x7x 

+8.338I 

9.4048 

—9.4870 

1.2537 

9.6509 

98 

8.9407 

8.6461 

o.384o 

— 8.8o5x 

9.7972 

+9.8146 

X.2525 

9.6557 

99 

8.9x12 

a.6190 

0.3978 

—8.7469 

9.7977 

+9.7854 

X.2520 

9.6576 

100 

+9.2x25 

+8.9232 

+0.1775 

—9.18x7 

—9.7660 

+9.9184 

— i.a5i4 

+9.6599 
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No. 

B.A.C. 

ConstdlatioiL 

Mag. 

Right  Ascension, 
Jan.  1, 1830. 

Annual 
Variation. 

North  Polar  Dirt., 
Jan.  1, 1890. 

Annaal   ! 
Variation. 

lOI 

595 

48  CasBiopeae, 

5 

I   49  43. 96* 

+4.778 

0      '         ** 
19  49  26.5* 

—  17.79 

I02 

596 

Eridani, 

X 

4 

5o    6.71 

2.325 

X42    21    25.7 

18.09 

io3 

600 

5o  Casaiopes, 

4 

5o  44.28* 

4.940 

18    18    88.9* 

17.78 

io4« 

6o3 

Hydri, 

V* 

4i 

5i     7.99 

1.486 

i58  83  12.9 

17.75 

io5 

618 

59  Ceti, 

V 

Ak 

52    56.22 

2.827 

III  48  22.7 

17.69 

1 06 

623 

Hydri, 

a 

3 

54    2.62 

1.889 

i52  18    4.7 

17.62 

107 

625 

ii3  Piscinm, 

a 

3i 

54  17.50 

3.102 

87  57  44.7 

17.62 

X08 

628 

57  Andromedae, 

y 

3 

54  42.71* 

3.644 

48  23  33. o« 
x35  26  II. 5 

17.56 

109 

634 

Phoenicia, 

X 

5 

55  4i.2i 

2 ,402 

17.79 

no 

635 

Hydri, 

5 

55  43.87 

1.570 

I 56  47  55.7 

17.01 

III 

648 

1 3  Arietia, 

0 

2 

58  43.64* 

3.364 

67  i4  57. 9« 

17.30 

112 

656 

4  Trianguli, 

/J 

4 

2    0  38. 02* 

3.545 

55  43  3o.o» 

17.32 

ii3 

684 

65  Ceti, 

r 

5 

5     3.28* 

3.169 

81  5i  34.0* 

17.12 

ii4 

688 

Fomacia, 

A* 

5 

6  17.93 

2.642 

121  25  47.3* 

17.01 

ii5 

717 

Eridani, 

^ 

4 

II     9.34  ' 

2.i56 

i43  12  26.7 

16.91 

116 

720 

68  Ceti, 

0 

Var. 

II  46.53 

3.021 

93  39  4i.8 

16.60 

117 

721 

9  Penei, 

• 

1 

5 

11  56. 19* 

4.1x4 

34  5o  39.6* 

16.82 

118 

744 

Caaaiopes, 

4 

16  46. 71* 

4.812 

23  x6  34.3* 

16.59 

119 

754 

7a  Ceti, 

p 

5 

18  42.42 

2.897 

102  58    9.6 

16.47 

120 

756 

Hydri, 

6 

4 

19    5a79 

1.037 

159  20  36.3 

16.44 

121 

760 

73  Ceti, 

!• 

4 

20      IIa34* 

3.182 

82  12  54.0* 

16.42 

122 

763 

Eridani, 

K 

41 

21    28.98 

2. 186 

i38  22  48.1 

15.99 

123 

781 

76  Ceti, 

a 

5 

24  58.93 

2.844 

io5  54  19.4 

16.10 

124 

794 

78  Ceti, . 

V 

4i 

28    0.42* 

3.135 

85     3  50.7* 

15.99 

125 

811 

82  Ceti, 

6 

4 

3i  48.13 

3.074 

90  19  18.5 

15.78 

126 

8i5 

83  Ceti, 

e 

4i 

32  18.69 

2.899 

X02  3o  4i.o 

i5.56 

127 

827 

1 3  Peraei, 

e 

4 

33  58.8i« 

4.o5i 

4x  24  35.0* 

i5.6o 

128 

828 

Eridani, 

5 

34    4.65 

2.276 

i33  32  i5.i 

i5.65 

129 

83i 

35  Arietia, 

4 

34  39.69 

3.499 

62  56    2.1 

i5.68 

i3o 

832 

Eridani, 

I 

4 

34  45.10 

2  a  378 

i3o  89  56.2 

i5.66 

i3i 

837 

86  Ceti, 

y 

3 

35  31.93* 

3.102 

87  23  57.8* 

25.45 

1 32 

845 

Arietia, 

4 

36  5o.37« 

3.232 

80  3i  20.5* 

15.49 

x33 

847 

89  Ceti, 

IT 

4 

36  59.13 

2.85i 

io4  29  49.1 

i5.5i 

x34 

849 

Hydri, 

e 

5 

37  17.66 

0.861 

i58  54  42.9 

15.89 

1 35 

856 

I  Eridani, 

T» 

ik 

38    6.34 

2.800 

109  12  37.0 

i5.5o 

x36 

861 

3o  Arietia, 
1 5  Penei, 

4 

38  59.30* 

3.549 

61 '22    44.5* 

i5.3i 

137 

863 

n 

4 

39  47.5o« 

4.3i2 

34  43-52.4* 

i5.38 

1 38 

870 

49  Arietia, 

7t 

5 

4o  55.74* 

3.335 

73    9  45.5* 

i5.35 

139 

871 

16  Peraei, 

4i 

4i     7«9i 

3.759 

52  18    9.3 

l5.33 

i4o 

872 

4i  Arietia, 

3 

4i     9. 98* 

3.5io 

63  21  40.7* 

l5.80 

• 

i4i 

879 

Fornacia, 

P 

5 

42  48.68 

2.509 

123     2  17.9^ 

x5.4i 

1 48 

882 

Hydri, 

c 

5 

43  14.78 

0.874 

i58  x4  54.6 

|5.i3 

143 

885 

18  Peraei, 

T 

5 

43  39.05* 

4.199 

.37  5i  80.3* 

i5.i5 

i44 

887 

2  Eridani, 

T« 

4i 

44  i4.i5 

8.720 

III  37  28.9 

1 5 . 1 1 

i45 

910 

3  Eridani, 

V 

3 

49    6.07 

2.928 

99  29  53.0 

t4.63 

i46 

912 

22  Peraei, 

n 

5 

49  11.22* 

3.806 

5o  56  39.0* 
69  i5  46:4* 

14.80 

i47 

921 

48  Arietia, 

€ 

5 

5o  38.60* 

3.418 

14:7$ 

i48 

931 

Horologii, 

5 

5i  43.49 

1.226 

I 53  43  28.3 

i4.6^ 

149 

937 

Eridani, 

e 

3i 

52  34.47 

2.269 
+4.296 

i3o  54  3o.5 

i4.63 

i5o 

947 

a3  Peraei, 

y 

3i 

8  53  57. 70* 

37    5    8.1* 

—  14.55 

r 
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No. 

lOJ 

loa 
io3 
xo4 
io5 

Lof  arlthms  of 

Logarltbms  of 

a 

b 

c 

d 

fl' 

b'     • 

c' 

d: 

+9.2417 
8.9869 
9.2740 
9 . 2045 
8.80x1 

+8.9670 
8.7029 
8.9939 
8.9262 

8.53xx 

+0.6794 
0.3669 
0 . 6944 
0.1764 
0.4499 

+9.2x62 

—8.8846 
+9,26x6 
— 9.X728 
—8. 37  XX 

+9.4667 
— 9.8000 
+9.4840 
—9.7732 
—9.7624 

-9.02x7 
+9.8466 

—9.9247 
+9.0x61 

+9.0x49 

— 1.2604 
I . 2600 

1.2494 
X . 2490 

1.2472 

+9.6634 
9.6648 
9.667X 
9.6686 
9.6749 

106 
107 
loS 
109 
no 

9.X005 

8.7678 
8.8934 
8.9x99 
9.1706 

8.8354 
8.5o39 
8.63x3 
8.6623 
8.9i3x 

0.2683 

0.4904 
o.56x2 
0.3828 
0.X936 

— 9 . 0476 
+7.3x87 
+8.7166 
— 8.7727 
—9.x  339 

-9.7964 
—9.6x98 
—7.7709 
—9.8x23 
—9.7894 

+0.8910 
—8.4946 
— 9.7654 

+9.7949 
+9.9066 

i.246x 
1.2458 
1,2464 
1.2444 
1,2443 

9.6788 
9.6797 
9.68XX 
9.6846 
9.6847 

III 

1X2 

ii3 

1x4 
1x5 

8.7980 
8.8436 
8 . 7602 
8.8232 
8.96x2 

8.5539 
8.6078 
8.5435 
8.6118 
8.7702 

0.6248 
0.5476 
0.60XX 
0.422X 
0.3298 

+8.3864 
+8.6942 
+7.91x2 
— 8.64o6 
—8.8690 

— 9.3x96 
— 8.879X 
—9.66x6 
—9.8084 

—9,84x3 

—9.6263 
—9.6876 
— 9.0829 

+9.6476 
+9.8224 

i.24ix 
1.239X 
1.2341 
1.2326 
1.2269 

9.6948 
9.70x1 
9.7x62 
9.7190 
9.7336 

1x6 
X17 
118 
119 

X20 

8.7487 
8.9907 

9.1447 
8 . 750? 

9.X910 

8.56o3 
8.8029 
8.9769 
8.6902 
9.0326 

0.4806 
o.6x46 
0.6828 
0.46x7 

0«0204 

—7.5539 
+8.9049 
+9.1078 
— 8.XOI3 
— 9*1621 

—9.6701 
+9.2986 
+9.5376 
—9 .  7408 
—9.8368 

+8.7291 
—9.8379 
—9.8807 
+9.2662 
+9  •8867 

1.226X 
1.2369 
I. 2198 
X.2173 
I. 2168 

9.7355 
9.7369 

9.7497 
9.7651 

9.7661 

X2X 
122 
123 

124 
125 

8.74x0 
8.9x30 

8.7475 
8.7279 
8.7207 

8.6870 
8.7642 
8.6126 
8 . 6060 
8.6x28 

0.60x8 
0.3423 
0.464X 
0.4969 
0.4866 

+7.8728 
—8.7867 
—8.1863 
+7.6626 
—6.4704 

—9.5468 
— 9.8679 
—9.7630 
—9.5806 
—9,6410 

—9.0449 
+9.7860 

+9.3444 
—8.8370 
+7.6466 

1.2x53 
I.2I36 
1.2088 
1.2046 
I . 1990 

9.7691 
9.7626 
9.77x8 
9.7796 
9.7889 

126 
X27 

128 

129 
x3o 

8.7304 
8.8970 
8.857X 
8 . 7668 
8.8353 

8.6244 
8.7975 
8.7680 
8.6700 
8.7388 

o.46o5 
o.6o36 
0.3678 
0.6438 
0.3723 

—8.0662 
+8.7721 
—8.6962 

+8.4249 
—8.6478 

— 9.746 X 
+9.2648 
—9.87x3 
— 9.0090 
—9.8668 

+9.23x8 
—9.7686 
+9.73x6 
— 9.6606 
+9.7049 

I. 1983 
1.X958 
I-X957 
1.X948 
1.X946 

9.7901 

9-7941 
9.7943 

9.7967 

9.7969 

x3i 

1 32 

i33 
x34 
i35 

8.7x56 
8.7X9X 
8.7269 
0.1564 
8.7360 

8.6221 
8.63o7 
8.6391 
9.0697 
8.6626 

0.4926 
o»6o67 
o.465i 
9.94x3 
o.443i 

+7.3724 
+7.9357 
— 8.X265 

— r9.X262 

—8.2633 

— 9.6076 
—79.5104 
—9.7623 
-9.8735 
—9,7918 

— 8.548 X 
— 9.x 068 
+9.2876 

+9.8684 
+9.4045 

I. 1934 
I. 1914 
1.1912 
I. 1907 
1.X896 

9.7978^ 

9.8008 

9.8012 

9.80x9 

9.8o38 

1 36 
x37 
1 38 
139 
i4o 

8 .7664 
8.9528 
8.7257 
8.8080 
8.7550 

8.6863 
8.8768 
8.6531 
8.7362 
8.6833 

0.6487 

0.6344 
0.6227 
0.6727 
0.6446 

+8.4467 
+8.8676 
+8.X876 
+8.6944 

+8.4067 

—8.8727 

+9.4479 
—9.3586 

+8.7x60 

— 8.9912 

—9,6662 

—9.7994 

—9.3447 
—9.6688 

— 9.6340 

i.x88x 
I. 1868 
1.X860 

I.X847 
i,i846 

9.8068 
9.8076 
9.8102 
9.8x06 
9.8x07 

i4x 
1 42 
143 

i44 
1 45 

8.7802 
9.1340 
8.9x43 
8.7330 
8.6991 

8.7x49 
9.0703 
8.8622 
8.6731 
8.6677 

0.3986 

9.9447 
0.6230 

0.4360 
0.4664 

-8.5x68 
— 9.x 020 
+8.81x7 
— 8.2996 
—7.9166 

— 9.8670 
—9.8853 
+9.3993 
— 9.8099 
—9.73x6 

+8.9396 
-9.2x99 
— 9 . 9046 

—9.8898 

+9.4583 

+9.6x63 
+9.8469 
—9.7767 
+9.4439 
+9.0867 

I. 1820 
1.1812 
I. 1806 
I. 1796 
1.1714 

9.8x43 
9.8x63 
9.8x62 
9.8x76 
9.8278 

x46 

i47 
1 48 

149 
i5o 

8.8028 
8.7x95 
9 . 0424 
8 . 8086 
+8.9042 

8.76x8 
8.684o 
9.OXX0 
8.7806 
+8.88x3 

0.6799 
0.6332 
0.0886 
0.3576 
+0.6323 

+8.6022 
+8.2686 
— 8.9961 
-8.6248 
+8.8061 

—9.6686 
—9.4166 
+9.8173 
+9.6793 
— 9.7626 

1.1713 
1.X687 
I. 1668 
I.X663 
— 1.X629 

9.8280 
9*83x0 
9.8332 
9.8360 
+9.8377 
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In. 

i5i 

B.A.C. 

Cooslflllation. 

Mag. 

Right  AMcnslon, 
Jan.  1, 1850. 

Annaal 
VariaUon. 

North  Polar  DisL, 
Jan.  1, 1890. 

Animal 
VariatkNi. 

'948 

Penei, 

5 

A.      lit.          M, 

2  54  x8.4o* 

+4.440 

0      *       f* 
33  53  x6.6* 

— x4.6i 

l52 

949 

92  Ceti, 

a 

2i 

54  26.6o« 

3.129 

86  3o     7.4* 

i4.4a 

1 53 

952 

9  Eridani, 
25  Penei, 

p* 

5 

55  20  .'58 

2.937 

98  x6  43.0 

14.48 

1 54 

953 

p 

4 

55  34. 8x 

3.8x5 

5i  44  4o.5 

14.37 

1 55 

954 

II  Eridaniy 

T« 

4 

55  46.82 

2.643 

1x4  13  56.1 

14.36 

1 56 

956 

Horologii, 

5 

55  55.87 

X.X09 

I 54  4o    7.2 

14.43 

1 57 

959 

10  Eridani, 

P* 

5 

56  54.63 

a.  943 

98   XX   26.6 

14.37 

1 58 

962 

Penei, 

( 

4 

58  x5.67» 

4.280 

4o  57  5x.6* 

14.39 

1 59 

963 

26  Persei, 

/3 

2i 

58  25. 56* 

3.871 

49  37  34.0* 

14. 3o 

160 

967 

27  Persei, 

X 

5 

59  23.96* 

4.009 

45  43  54.3* 

14.09 

161 

981 

28  Penei, 

i» 

5 

3     X  37.41 

+3.845 

5o  57  44.3 

14. xo 

162 

982 

Hydri, 

e 

5 

I  58.36 

— 0 . 008 

163  39  27.7 

x3.49 

1 63 

986 

57  Anetis, 

6 

4 

3     3.58* 

+3.4x8 

70  5o  39.9* 

x4.oo 

1 64 

997 

12  Eriduii, 

a 

3i 

5  4a.o8» 

a.55o 

1x9  34  53.0* 

14.46 

i65 

999 

58  Aiietia, 

c 

5 

6  17. 2X* 

3.434 

69  3o  53.9* 

13.73 

166 

lOOI 

Cassiopeae, 

5 

6  5x.x5« 

5.x52 

24  54    8.5* 

x3.7i 

167 

ioi3 

1 3  Eridani, 

c 

4 

8  33.08* 

2.9x0 

99  22  48.8* 

i3.66 

168 

1028 

96  Ceti, 

it* 

5 

XX  29. 91 

3.139 

87  XX     3.0 

X3.43 

169 

io34 

6x  Arietia, 

r» 

5 

12  34.43* 

3.449 

69  23  $0.2* 

x3.33 

170 

1037 

16  Eridani, 

T* 

3i 

12  50.67* 

+2.665 

X12  x8  24.8* 

x3.4i 

171 

io38 

Mense, 

5 

X2    52.60 

—2.334 

169  32  55.2 

13.36 

172 

1043 

33  Peraci, 

a 

2i 

i3  38.35* 

+4.34X 

4o  4o  39.3* 

x3.27 

173 

io44 

Eridani, 

4i 

x3  55. o5 

2.365 

x33  38  48.6 

x4«o4 

174 

io56 

Hydri, 

5 

x6  X8.90 

0.673 

x57  28  29.7 

12.66 

175 

1057 

I  Tauri, 

0 

4i 

x6  44.83 

3.222 

8x  3o  X0.7* 

x3.o5 

176 

io58 

Camelopardi, 

4 

X6-57.92* 

4.789 

3o  35  x6.6* 

x3.x3 

177 

1062 

Camelopardi, 

4 

17  58.42* 

4.725 

3x  38  49.0* 

x3.o6 

178 

xo65 

Camelopardi, 

5 

18  35.65 

4.523 

35     4  25.0 

xa.87 

179 

1068 

2  Taori, 

f 

4 

19    2.68* 

+3.243 

80  47  37.8* 

12.92 

180 

1070 

Hydri, 

5 

19  44.02 

—1.794 

167  55  57.7 

x3.i5 

Ki 

1071 

35  Persei, 

a 

5 

20     x.3i* 

+4.X94 

42  3x  38.7* 

12.90 

182 

X090 

17  Eridani, 

Ak 

23  X0.75 

a.  973 

95  35  36.6 

xa.65 

1 83 

1099 

37  Persei, 

V' 

5 

25    5l.02* 

'4.328 

42  18  4o.8* 

12.45 

1 84 

IIOO 

x8  Eridani, 

c 

3i 

25    52.25 

2.826 

99  58     8.3* 

13.43 

i85 

iio4 

19  Eridani, 

T» 

4 

27    9.79 

2.643 

xia     8  20.3 

X2.38 

186 

1112 

xo  Tauri, 

4i 

29  x3.43 

3.o58 

90    4  40.9 

11.74 

187 

XX35 

Eridani, 

5 

3x  43*77 

3.x47 

x3o  46  xo.o 

xa.o8 

188 

XX29 

39  Persei, 

i 

3 

33  x5.85* 

4.235 

•42  4i  5o.o* 

12.  oa 

189 

xx33 

Camelopardi, 

5 

33  58. 06* 

5. 161 

27    8    6.4* 

11.93 

X90 

1x37 

Camelopardi, 

7 

4i 

34  34.89 

6.x39 

19    8  x4.5 

XI. 86 

191 

1x38 

38  Persei, 

0 

4 

34  55.48* 

3.733 

58  XX  27.3* 

11.89 
XX. 86 

192 

1x39 

4 1  Persei, 

V 

4 

35     x.x3* 

4.o46 

47  54     X.5* 

193 

1x44 

Camelopardi, 

5 

35  5o.o7 

5.392 

24  56  42.6 

XI. 79 

194 

xx47 

17  Tauri, 

4i 

35  58.74* 

3.548 

66  2x  43.9* 

IX. 76 

195 

xi48 

23  Eridani, 

i 

3i 

36    4.o5 

2.87X 

xoo  x6  28.0* 

13. 5l 

196 

xx5o 

Eridani, 

5 

36  17. o3 

2.378 

122  25    x3.5 

IX. 73 

197 

xi5x 

19  Tauri, 

5 

36  17.22* 

3.557 

66    0  28.0* 

XX. 75 

198 

xx54 

20  Tauri, 

5 

36  54. 5o* 

3.555 

66    6  19. 0* 

XI. 68 

199 

xx59 

Eridani, 

v» 

5 

37  17.05 

2.248 

127  47  19. 6 

IX. 73 

200 

xx6i 

23  Tauri, 

5 

3  37  25.92* 

+3.549 

66  3x  23.4* 

— xx.66| 
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'no 

Logarfthma  of 

Logarfthnu  of 

rio. 
i5i 

l52 

i53 

z54 
i55 

a 

b 

c 

d 

a' 

A' 

c' 

d' 

+8.9376 

8.6845 
8.6866 
8.7866 
8.7213 

+8.9160 
8.6634 
8.6689 
8.7698 
8.7053 

+0.6477 
0.4951 
0.4678 
0 . 58oo 
0.4238 

+8.8568 
+7 '4699 

—7.8449 
+8.5784 
—8.3342 

+9.5x88 
—9.5923 
— 9.7235 
+8.9469 
—9.8328 

9 • 7792 
—8.6452 

+9.0164 
— 9.6495 
+9.4703 

— 1.X622 

.  1.X620 

X . I 6o4 

X-.1599 

1.X596 

+9.8384 
9.8387 
9 . 84o5 
9.8410 
9.84x3 

1 56 

i57 
i58 
169 
160 

9.0497 
8.6836 
8.8600 
8.7945 
8.8197 

9.0343 
8.6719 

8.8534 
8.7885 
8.8174 

o.o45o 
0,4678 
0.6x82 
0.5876 
0.6010 

—9.0058 
-7.8374 
+8.7381 
+8.6059 
+8.6637 

—9.9103 

—9.7234 
+9.3899 
+9.0945 
+9.2594 

+9.8x32 
+9.0090 
—9.7308 
— 9.6639 
—9.6946 

I. 1593 
X.X575 
i.x55o 

1.1547 
1.1528 

9.84x6 
9.8436 
9.8462 
9.8465 
9.8483 

161 
162 
1 63 

li64 
!i65 

8.7800 
9.X913 
8.6923 
8.7230 
8.6895 

8.7862 
9.1988 
8.7039 
8 . 7446 
8.7x34 

0.5846 
8.6822 
0.5319 
o.4ox5 
0.5357 

+8.5793 
—9.1707 
+8.ao83 

—8.4x64 
+8.2335 

+9.0469 
— 9.9089 
— 9.2425 

—9.8664 
— 9.1827 

—9.6456 
+9.825X 
9.3597 
+9.53x8 
—9.38x3 

I.X486 

I.X479 
I.I458 

X . x4o6 

1.X395 

9.8525 
9.8532 
9.8552 
9 . 8600 
9.861X 

166 
167 
168 
169 
170 

9.0357 

8.6624 
8.65io 
8.6769 
8.6814 

9.0616 
8.6949 
8.6946 

8.7247 
8.7302 

0.7x32 
0.4637 

0.4941 

0.5372 

+0.425 1 

+8.9933 
—7.8746 
+7.3423 
+8.2233 
—8.2607 

+9.6790 
—9.7335 
—9.5988 
—9.1587 
—9.8354 

—9.7938 
+9 -0448 
—8.5x79 
—9.3707 
+9.4o3o 

I.X384 
r.i349 
X.X288 
X.I265 
1.X259 

9.862X 
9.865x 
9.8702 
9.8721 
9.8725 

171 

Z72 
173 
174 
175 

9.3889 
8.83x8 
8.7859 
9.0569 
8.644o 

9.4378 
8.8837 
8.8387 
9.1x89 
8.7077 

— o.368i 

+0.6268 

0.3255 

9.8026 

o.5o8x 

—9.3817 
+8.7XX7 
—8.6248 
—9.0224 
+7.8x36 

— 9 . 9096 
+9.4538 
— 9.9x95 
— 9.9366 
— 9.5016 

+9.8x64 
-9.70x9 

+9.6604 
+9.7818 
—8.9849 

1.X259 
I. 1243 
1. 1237 
1.1x85 
1.1x75 

9.8726 
9.8739 
9.8743 
9.8783 
9.8790 

176 
177 
178 
179 
180 

8.932X 
8.9166 
8.8757 
8.6398 
9.3x23 

8.9967 
8.9850 
8.9465 
8.7123 
9.3875 

0.6798 

0.6739 

0.6553 

+o.5ioo 

—0.2344 

+8.867X 
+8.8467 
+8.7887 
+7.8438 
— 9.3026 

+9.6348 
+9.6228 
+9.5732 
—9.4862 
—9.9238 

—9.7498 
—9.7427 
— 9.7242 
—9.0x43 
+9.7990 

1.1x71 
1.1x48 
i.xi34 
1.1124 
1.XX09 

9.8794 
9.8810 
9.8820 
9.8827 
9.8838 

181 
182 
i83 

x84 
1 85 

8.8020 
8.6268 
8.7903 
8.625o 
8.6485 

8.8783 
8.7x52 
8.8891 
8.7239 
8.7525 

+0.62x9 
0.4726 
0.6253 
0.4604 
0.422X 

+8.6695 
—7.6x57 
+8.6592 
—7.8634 
— 8 . 2247 

+9.4335 
—9.7054 
+9-4568 
— 9.7504 
—9.8439 

—9.6755 
+8.7897 
— 9.6634 
+9.0328 
+9.3675 

I.XI02 

I . io3o 
I . 0967 
1.0967 
I . 0936 

9.8843. 

9.8892 

9.8933 

9.8934 
9.8953 

186 
187 
188 
189 
190 

8.6xo3 
8.7248 

8.7714 
8.94x9 
9.08x2 

8.7223 
8.8466 
8.8953 
9 . 0686 
9.2143 

0  4870 
0.3326 
0.6262 
0.7x27 
0.7906 

—5 .  7446 
—8.5397 
+8.6377 
+8.8912 
+9»o565 

—9.6386 
—9.9293 
+9.4672 
+9.7x19 
+9.79x4 

+6.9206 
+9.5951 
— 9.645 X 
—9 .  7264 
—9.7482 

1.0886 
1.0824 

1.08x0 
1.0792 
I.075X 

9.8983 
9.90x9 
9.9027 
9.9037 
9.9060 

191 
192 
193 

194 
195 

8.6666 
8.7253 
8.9685 
8.63x3 
8.6000 

8.80x1 
8.8601 
9.1066 
8.7699 
8.7390 

0.5728 
0.6069 
0.7320 
0.5495 
0.4586 

+8.3885 
+8.55x6 
+8.9260 
+8.2343 
—7.85x3 

+8 .  7497 
+9.3399 
+9.7405 
—8.8645 
—9.7569 

—9.4939 
— 9.5981 
—9.7271 
—9.3724 
+9.0204 

I . 0742 
1.0740 
1.07x9 
1.07x5 
1.07x3 

9.9065 
9.9066 
9.9077 
9.9079 
9.9081 

196 
197 
198 
199 
aoo 

8.6660 
8.63x6 
8.6297 
8 . 6920 
+8.6269 

^8.8059 

8.77x5 

8.7720 

8.8359 

+8.7714 

0.3771 
0 . 55o5 
0'.  55o4 
0.3480 
+0.5493 

—8.3953 
+8.2408 
+8. 237a 
—8.4793 
+8.2272 

—9.9033 

—8.8274 
—8.8338 

—9.9247 
—8.8704 

+9.4978 
—9.3777 

—9.3744 
+9.553X 
—9.3658 

1.0707 
1.0707 
I.069X 
I. 0681 

—1.0677 

9.9084 
9.9084 
9 . 9092 
9.9097 
+9.9099 
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No. 

201 

B.A.C. 

ConsteUation. 

Mag. 

Right  AfloetMion, 
Jan.  1,  1890. 

Annaal 
Variation. 

North  Polar  Dist., 
Jan.  1, 1850. 

Annual 
Variation. 

1166 

25  Tanri, 

V 

3 

3  38  34. 56* 

+3.552 

0      /        ff 
66  31  46.7* 

—  IX. 56 

202 

1 168 

26  Eridani, 

IT 

5 

39     3.23 

a.83o 

X03    34    32.2 

11.61 

2o3 

1174 

3o  Tauri, 

e 

5 

4o    a. 99 

3.279 

79  19  30.7* 

11.45 

204 

1x76 

27  Tauri, 

5 

^4o  r5.o9* 

3.552 

66  84  35. o* 

11.44 

2o5 

X181 

27  Eridani, 

7* 

4i 

4o  23.78 

2.582 

1x3  4i  43.0 

10.97 

2o6 

1x91 

28  Eridani, 

t' 

5 

4i  12.59* 

3.577 

1x4  3o  34.4* 

11.45 

207 

XX97 

Reticuli, 

4 

42  19. 7X 

0.703 

x55  16  46.5 

11.47 

208 

X199 

Eridani, 

5 

43     3.90 

a. 320 

128    4  5x.8 

IX  .40 

.209 

120X 

Eridani, 

v» 

4 

43  5o.3o 

2.233 

126  39  26.5 

II. i5 

2x0 

IB03 

Camelopardi, 

5 

44  i3.8i« 

5.197 

27  22  a6.5* 

11.35 

211 

X207 

44  Peraei, 

c 

H 

44  4a. 86* 

3.755 

58  33  59.4* 

xi.i4 

212 

I2XI 

Cassiopee, 

5i 

45  x3.24* 

+9.565 

9  43  36.5* 

XI. 18 

2l3 

X2X5 

Hydri, 

5 

46  10.10 

— 0.445 

163  33  54.8 

11.06 

2l4 

X2l6 

32  Eridani, 

5 

46  45.82 

+3. on 

93  34    6.8 

11.01 

2l5 

12x7 

33  Eridani, 

7» 

5 

47  20.24 

2.556 

1x5     3  40.4 

X0.88 

216 

I2I9 

45  Persei, 

e 

3i 

47  48.o5» 

3.997 

5o  35  43.6* 

X0.9X 

2x7 

X220 

Eridani, 

v* 

5 

47  55.89 

2.277 

135  10'  44.4 

10.88 

218 

X228 

46  Peraei, 

e 

5 

49  14.57 

+3.869 

54  38  43.9 

10.79 

2x9 

I23o 

Hydri, 

y 

3 

49  39.76 

— x.o38 

164  4i  53.0 

10.87 

220 

1234 

34  Eridani, 

y 

2i 

5x     1.93* 

+2.796 

io3  56  19.7* 

10.60 

221 

I24l 

35  Tanri, 

X 

4 

52  22.49* 

3.3x5 

77  56  x5.8* 

10.61 

222 

1243 

36  Eridani, 

T* 

5 

53  3X.92 

2.555 

1x4  36  43.0 

10.53 

223 

1245 

35  Eridani, 

5 

53  56.19 

3.034 

91  58  37.3 

10.43 

224 

X25x 

38  Tanri, 

V 

5 

55  10.90 

3.X85 

84  35  5x.o 

10. 38 

225 

ia54 

47  Peraei, 

A 

4i 

55  25.82* 

4.431 

4o     3  4i.5* 

10. 3i 

226 

ia57 

37  Tauri, 

A* 

,5 

55  5o.o3* 

3.534 

68  19  57.3* 

lo.aS 

227 

1259 

Reticuli, 

d 

5 

56  a3.4i 

0.954 

i5x  49  34.7 

9.99 

228 

1266 

48  Peraei, 

c 

5 

57  47 •a4* 

4.326 

43  4i  36.9* 

'    10.14 

229 

1270 

Reticuli, 

y 

5 

58  44.36 

o.83i 

i53  34  43.5 

10.34 

23o 

1271 

Reticuli, 

I 

5 

58  54.05 

0.986 

x5x  3o    3.7 

9.95 

23l 

1287 

5 1  Peraei, 

A* 

4i 

4    3  53.99* 

4.372 

4i  58  3o.o* 
97  i3  58. 0 

9.67 

232 

X290 

38  Eridani, 

0» 

4i 

4  3a. 77 

2.922 

9-74 

233 

129X 

52  Peraei, 

/ 

5 

4  41.49 

4.059 

49  54    8.8 

9.60 

234 

1299 

Horologii, 

d 

5 

5  47.66 

3.037 

i33  33  i4.5 

9.65 

235 

i3oi 

Peraei,    • 

b' 

5 

6  58.98 

4.48x 

4o    4  47.0 

9.44 

236 

x3o3 

« 

39  Eridani, 

A 

5 

7  x5.73 

a.85i 

xoo  37  57.8 

9.39 

a37 

i3o4 

49  Tfturi, 

A* 

5 

7  a3.5x 

3.25o 

81    39   l4.3 

9.44 

238 

1 309 

4o  Eridani, 

o» 

4i 

8  8a.i6 

2.763 

07  53  a3.5 
i3a  39  57.3 

5.94 

239 

x3i5 

Horologii, 

a 

5 

9     a.a3 

1.993 

9.19 

240 

x3b6 

52  Tkuri, 

^ 

5 

II     8.i5 

3.673 

63     0  44.3 

9.x3 

24 1 

x328 

54  Tauri, 

y 

3i 

XI   15.75* 

3.407 

74  44  ax.x* 

9.14 

242 

x33x 

Doradils, 

y 

4 

la     6.08 

X.556 

i4i  5a    0.4 

9.34 

243 

x333 

4i  Eridani, 

t;* 

H 

xa  ia.96* 

3.364 

134  10    6.4* 

9.07 

244 

x336 

Reticuli, 

a 

3i 

12  30.33 

0.745 

x53  5i     4.3 

9.04 

8.58 

245 

1 344 

Reticuli, 

€ 

5 

i3  54.13 

x.oo8 

x49  39  53.9 

246 

1 346 

6x  Tauri, 

d» 

4 

i4  17.36* 

3.45o 

7a  48  5o.x* 

8.91 

247 

x348 

Horologii, 

5 

i4  32.37 

X.907 

x34  37  48.9 

8.8s 

248 

i356 

64  Tauri, 

(P 

4i 

x5  27.26* 

3.451 

7a  54  39.3* 

8.83 

• 

249 

x358 

Reticuli, 

e 

5 

16    0.90 

0.683 

i53  37  10.4 

9.03 
-  8.74 

25o|  x365 

68  Tauri, 

6* 

5 

4  16  49.01* 

+3.464 

73  a5    9.x 
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No. 
20 1 

LogvithnM  of 

Logarittamfl  of 

a 

b 

c 

d 

a' 

V 

c' 

d: 

+8 .  6244 

+8.7734 

+o.55oo 

+8.2375 

—8.8488 

—9.3655 

—  1.0646 

+9.9115 

202 

8.5956 

8 . 7466 

o.45i3 

—7.9335 

—9.7791 

+9.0991 

1.0634 

9 

.9121 

2o3 

8 . 5900 

8 . 7449 

o.5i55 

+7.8578 

—9.4387 

—9.0363 

I . 0607 

9 

.9134 

204 

8.6197 

8.7755 

o.55oi 

+  8.3330 

—8.8426 

—9.3603 

I. 0601 

9 

.9137 

2o5 

8.6197 

8.7761 

o.4i32 

—8.2338 

—9.8615 

+9.3616 

1.0597 

9 

.9139 

306 

8.6197 

8.7793 

o.4io5 

—8.3348 

—9.8659 

+9.3704 

1.0575 

9 

.9150 

207 

8.9548 

9 . I I 90 

9.8292 

—8.9130 

— 9.9689 

+9.7105 

i.o544 

9 

.9164 

•208 

8.6780 

8.8452 

0.3433 

—8.4682 

—9.9302 

+9.5403 

1.0534 

9 

.9174 

209 

8.6676 

8.838o 

o.35i4 

—8.4436 

—9.9357 

+9.5340 

I . o5o3 

9 

9184 

210 

8.9083 

9.0802 

0.7171 

+8 .  8567 

+9.7301 

—9.6954 

1.0493 

9' 

.9189 

211 

8.6384 

8.8123 

0.5740 

+8.3557 

+8.7993 

—9.4638 

1.0478 

9' 

9195 

212 

9 . 34o4 

9.5i63 

+0.9805 

+9.3341 

+9.8733 

—9.7379 

i.o464 

9" 

9201 

2l3 

9.0848 

9.2647 

—9.6488 

— 9.0639 

—9.9668 

+9.7306 

I.0436 

9- 

9213 ' 

2l4 

8.5644 

8.7467 

+0.4777 

-7.3377 

—9.6838 

+8.5i3o 

I. 0419 

9' 

9221 

2l5 

8 . 6049 

8.7896 

0.4061 

— 8.33i8 

-9.8737 

+9.3650 

I . o4o3 

9' 

9338 

2l6 

8.6736 

8.86o3 

0.6017 

+8.4778 

+9.3999 

— 9.5409 

1.0389 

9. 

9334 

217 

8.6478 

8.835o 

o.358o 

—8.408  3 

— 9.9231 

+9.4968 

I.0385 

9- 

9235 

218 

8.6449 

8.8376 

+0.5876 

+8.4073 

+9.1242 

—9.4949 

1.0347 

9- 

9251 

219 

9.1338 

9.3280 

— 0.0197 

— 9.1181 

—9.9671 

+9.7156 

i.o335 

9- 

9256 

220 

8.564o 

8 . 7642 

+0.4456 

—7.9458 

—9.7958 

+9.1089 

I . 0394 

9- 

9273 

221 

8.5567 

8.7625 

o.52o3 

+7.8768 

—9.3927 

— 9.0433 

I.0353 

9- 

9289 

222 

8 . 5842 

8 . 7949 

0.4071 

— 8.3010 

—9.8736 

+9.3363 

1.0318 

9' 

9303 

223 

8.5425 

8.7549 

0.4816 

— 7.0796 

—9.6657 

+8.3555 

1.0305 

9- 

9307 

224 

8.5404 

8.7581 

0.5027 

+7.5374 

—9.5437 

—8.7014 

1.0166 

9- 

9331 

225 

8.7289 

8.9477 

0.6465 

+8.6138 

+9.5748 

— 9.5975 

I. 0159 

9- 

9334 

226 

8.5681 

8.7886 

0.5472 

+8.1354 

— 8.9390 

—9.3797 

i.oi46 

9' 

9339 

227 

8.8604 

9.0833 

9.9679 

—8.8057 

— 9.9839 
+9.0298 

+9.6558 

1.0128 

9- 

9335 

238 

8.6988 

8.9277 

0.6353 

+8.565I 

— 9 . 5734 

I . 0084 

9- 

.9351 

229 

8.8637 

9 . 0968 

9.9274 

—8.8120 

— 9.9851 

+9.65i3 

i.oo53 

9- 

9361 

23o 

8.8478 

9.0816 

9.9749 

—8.7917 

— 9.9850 

+9.6465 

I . oo48 

9' 

9363 

23l 

8.6845 

8.9403 

o.64o5 

+8.5557 

+9-5561 

— 9.5571 
+S.7837 

0.9881 

9" 

9417 

232 

8.5iii 

8.7698 

0.4657 

—7.6111 

—9.7330 

0.9859 

9- 

9434 

233 

8.6235 

8.8828 

0.6082 

+8.4324 

+9-3661 

— 9.4932 

0.9854 

9' 

9425 

234 

8.6349 

8.8992 

0 . 3oo8 

—8.4636 

— 9 . 9603 

+9.5081 

0.9816 

9" 

.9437 

235 

8.6903 

8 . 9600 

o.65o3 

+8.5741 

+9.5962 

— 9.5590 

0.9774 

9- 

,9449 

236 

8.5o57 

8.7766 

0.4548 

—7.7717 

— 9.7702 

+8.9403 
—8.8441 

0.9765 

9- 

.9452 

237 

8.5o25 

8.7740 

o.5ii5 

+7.6728 

—9.4752 

0.9760 

9' 

.9453 

238 

8.4983 

8 . 7743 

0.4634 

—7.6359 

—9.7413 

+8.8079 

0.9725 

9- 

.9463 

239 

8.6253 

8 . 9044 

0.2967 

—8.4564 

—9.9633 

+9.4989 

0.9701 

9- 

9470 

240 

8.5342 

8.8a3o 

0.5654 

+8.1911 

+8.3379 

— 9.3171 

0.9625 

9 

9490 

34  X 

8.4993 

8.7887 

0.5309 

+7.9196 

—9.3663 

— 9.0801 

0.9620 

9- 

.9493 

242 

8 . 6900 

8.9833 

0.1911 

—8.5857 

—9.9863 

+9.5524 

0.9589 

9- 

9500 

243 

8.5624 

8.8563 

0.3544 

—8.3119 

—9.9344 

+9.4057 

0.9584 

9- 

9501 

a44 

8.8198 

9.ii5o 

9.8721 

—8.7691 

—9.9964 

+9 .  6045 

0.9574 

9- 

95o4 

245 

8 . 7705 

9.0733 

o.oii3 

—8.7065 

—9 .  9963 

+9.5860 

0.9531 

9- 

9517 

246 

8.492a 

8.7958 

0.5367 

+7.9627 

—9.1761 

—9.1190 

0.9507 

9" 

9531 

247 

8.6191 

8.9239 

0.3760 

—8.4658 

—9.9733 

+9.4941 

0.9497 

9' 

.9533 

U48 

8.4875 

8.7967 

0.5365 

+7.9557 

—9.1787 

—9.1133 

0 . 9463 

9- 

,953a 

a49 

8.8180 

9.1399 

9.8114 

— 8.7702 

—9.9991 

+9.5940 

0.9440 

9- 

.9537 

a5o 

+8.4833 

+8.7991 

+0.5381 

+7-9634 

— 9.x5i4 

-9.1187 

— 0 . 9409 

+9- 

.9544 
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No. 
25z 

B*  A.  Cm 

Constellatloii. 

Mag. 

Right  AMenskm, 
Jmn.  1, 1850. 

Annual 
Variation. 

North  Polar  Dim., 
Jan.  1, 1650. 

Annual 
Variatioa. 

—  8.66 

1367 

69  Tauri, 

v» 

5 

k,    m,      M. 
4   17  20. 3o* 

+3.579 

67  3i  53.x* 

252 

1370 

73  Tauri, 

ff 

5 

18     8.11 

3.38o 

75  37.48.5 

8.59 

253 

1372 

43  Eridani, 

V* 

4 

x8  24.35 

2.254 

124  22  10. 0* 

8.59 

254 

1376 

74  Tauri, 

e 

3i 

19  5i.7o* 

3.494 

71       9    25.1* 

8.4? 

255 

i38o 

77  Tauri, 

^ 

4i 

20    0.55* 

3.4x3 

74  22  3i.5* 

8.47 

256 

i38i 

78  Tanri, 

0» 

4i 

20    6.i8* 

3.420 

74  28     o.o* 

8.46 

257 

i383 

Reticuli, 

V 

5 

20  16.91 

0.6x9 

i53  44  34.4 

8.79 

258 

x4o9 

86  Tauri, 

P 

5 

25  20.41* 

3.402 

75  28  33.0* 

8.0a 

259 

i4i3 

Celi, 

S 

5 

26  i4*77 

x.84i 

i35  x6  41.7 

8.08 

260 

1419 

47  Eridani, 

5 

26  58.23* 

• 

2.888 

98  32  57.7* 

7.9a 

261 

1 420 

87  Tauri, 

a 

I 

27    19. 12* 

3.436 

73  47  49.0* 

7-74 

262 

1421 

88  Tauri, 

d 

5 

27  24.85 

3.285 

80    9    4.7 

7.83 

263 

l422 

5o  Eridani, 

v« 

4i 

27  37.56 

2.35i 

X20    4  20.5 

7.64 

264 

1429 

48  Eridani, 

V 

4 

28  49.69 

2.994 

93  39  46.8 

7-77 

265 

1433 

52  Eridani, 

v^ 

3i 

29  43.40 

2.333 

120  52  23.7* 

7.67 

266 

1434 

90  Tauri, 

c» 

5 

29  46.75 

3.35o 

77  47  39.8 

7.68 

267 

x438 

Doradtls, 

a 

3 

3o  45. 8x 

1.289 

i45  21  25.4 

7.6X 

268 

i44i 

53  Eridani, 

4 

3i   18.87 

2.746 

io4  36     3.0 

7.41 

269 

1442 

93  Tauri, 

c« 

5 

3x  42.69* 

3.336 

78       6       X.2 

7.57 

270 

1449 

94  Tauri, 

T 

5 

33  14.84* 

3.592 

67  20    8.4* 

7-4i 

271 

x45i 

54  Eridani, 

4 

33  53.0I 

2.623 

109  57  48.3 

7.a5 

272 

x456 

4  Camelopaidi, 

5 

35  31.65* 

4.960 

33  3o  58. 0* 

7.09 

273 

x458 

C«U, 

a 

4i 

35  43.95 

X.930 

x32     9     9.0 

7.16 

274 

1 464 

Celi, 

P 

5 

36  45.55 

2.122 

127  26  25.3 

7.3a 

275 

1469 

57  Eridani, 

f^ 

5 

38     0.43 

3.00X 

93  32     0.3 

7.03 

276 

1473 

• 

Pictoris, 

A 

5 

38  55.97 

i.53x 

x4o  45  55.1 

7.06 

277 

1474 

9  Camelopardi, 

a 

4 

39     9.42* 

5.906 

23  55  x3.7* 

6.95 

278 

i486 

I  Orionid, 

TT* 

4 

4i  42.x 5 

3.258 

83  x8  x8.7* 

6.71 

279 

1491 

2  Orionis, 

ir» 

5 

42  26.61 

3.272 

81  21  41.7 

6.63 

280 

1495 

3  Orionis, 

ff* 

4 

43  i3.3o 

3.X94 

84  39  22.8 

6.56 

281 

i5oo 

4  OrioniB, 

6" 

5 

44     3.o6* 

3.388 

76    0  14. 8* 

6.47 

282 

i5o4 

7  Camelopardi, 

5 

45  16.57 

4.785 

36  29  4x.4 

6.48 

283 

1 507 

61  Eridani, 

0 

5 

45  31.69 

2.946 

95  42  28.7 

6.4i 

284 

i5i4 

8  Orionis, 

ff» 

4i 

46  i26.5x 

3.X22 

87  48  32.4 

6.33 

285 

l520 

3  Aurigee, 

i 

4 

47  13.87* 

3.895 

57    4  37.7* 

6.25 

286 

i525 

9  Orionis, 

o« 

5 

47  56.48* 

3.370 

76  43  38. 0* 

6.x6 

287 

i53o 

4  Aurige, 

5 

49    4.77 

+4.o58 

52  20  3o.8 

6.08 

288 

x532 

Menan, 

5 

49  25.09 

— 2.322 

166  34  20.9 
29  47     5.2* 

5.89 

289 

i536 

10  Camelopardi, 

13 

4i 

5o    5 . 72 

+5.3«3 

6.00 

290 

i54o 

7  Aurigte, 

e 

4 

5x  12.91* 

4.291 

46  24  16.7* 

5.93 

291 

x54i 

8  Aurtgae, 

C 

4 

52       O.Il* 

4.181 

49    8  56.9* 

5.86 

292 

1 544 

63  Eridani, 

5 

52  44.67 

2.84o 

xoo  29  12.7 

5.68 

293 

x546 

XI  Camelopardi, 

5 

53    7.X8 

5.184 

3i  x4  39.5 

5.76 

394 

x55i 

102  Tauri, 

I 

4i 

54     8.02* 

3.581 

68  37  45.8* 

5.65 

295 

1 552 

65  Eridani, 

* 

5 

54  xo  09 

a.  906 

97  23  52.8 

5.69 

296 

x554 

9  Auriga, 

5 

54  56.42 

4.678 

38  36  27.7 

5.47 

297 

x557 

XI  Orionis, 

5 

56    0.07* 

3.424 

74  48  34.9* 

5.49 
5.48 

298 

1 558 

10  Aurigs, 

V 

4 

56     o.3o* 

4.195 

48  58  28.2* 

299 

x559 

Leporis, 

5 

56     3.90 

2.438 

1x6  29  26.7 

5.44 

3oo 

x565 

Camelopardi, 

5 

4  57  55. o3 

+9.671 

10  57  24.2 

—  5.49 
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No. 

25l 
252 

253 

254 
255 

Logarithms  of 

Logaritbins  of 

a 

b 

1        c 

d 

fl' 

K       *' 

c' 

rf' 

+8.4948 
8.4712 
8.5396 
8.4743 
8.4662 

+8.8i3i 
8.7933 
8.8631 
8.8o5o 
8.7976 

+0.5526 
0.5289 
o.35ii 
0.5421 
0.5327 

+8.0771 
+7.8659 
—8.29x3 
+7.9835 
+7.8965 

—8.7521 
— 9.2929 
— 9.9386 
—9.0723 
— 9.2401 

— 9.2189 
— 9.0282 
+9.384X 
— 9.1357 
— 9.0562 

—0.9388 
0.9357 
0.9346 
0.9287 
0.9281 

+9.9549 
9.9556 
9.9559 
9.9572 
9.9673 

256 
257 
258 
259 
260 

8.4656 
8.8029 
8.44x6 
8.5762 

8.4252 

8.7974 
9.1356 
8 . 7999 
8.9391 
8.7920 

0.5324 
9.7873 
0.5299 
0.2629 
o.46o3 

+7.8934 
—8.7556 
+7.8409 
—8.4277 
— 7-5974 

—9.2438 
— O.0223 
—9.2797 
— 9.981I 
— 9.7526 

— 9.0534 
+9.5775 
— 9.0029 
+0.45x2 
+8.7686 

0.9278 
0.9270 
0.9058 
0.9018 
0.8987 

9.9674 
9.9676 
9.9619 
9.962G 
9.9632 

261 
262 
263 

264 
265 

8.4364 
8.4248 
8.48o3 
8.4i3o 
8.4744 

8.8o5o 
8.7939 

8.85o4 
8.7895 
8.8557 

o.535o 

o.5i64 
0.3726 
0.4759 
0.3678 

+7.8821 
+7.6580 
—8.1802 

—7.2184 
—8.1846 

— 9.2047 
— 9.43X9 
— 9.9224 
— 9.6920 
—9.9275 

— 9 . o4o6 
—8.8276 
+9.2935 
+8.3936 
+9-2943 

0.8971 
0.8967 
0.8958 
0.8904 
0.8863 

9.9635 
9.9686 
9.9687 
9.9647 
9.9654 

266 
267 
268 
269 
270 

8.4177 
8.6485 

8.4x5o 

8.4o83 

8.4265 

8.7993 

9.0354 
8.8o48 
8.8oo3 
8.8269 

0.5235 

0.1074 
0.4390 
0.5227 
o.555o 

+7-7428 
—8.5638 
—7.8165 
+7.7226 
+8.0123 

—9.3597 

— o.oo34 
— 9.8i5i 
—9.3683 
— 8.6274 

— 8 . 9090 
+9-4946 
+8.9783 
—8.8892 
—9.1535 

0.8861 
o.88x6 
0.8790 
0.8772 
0.8699 

9.9664 

9.966a 

9.9669 
9.9669 
9.9681 

271 
272 
273 

274 
275 

8.4x55 
8.6385 
8.5095 

8.4747 
8 . 3690 

8.8194 
9.o5i6 
8.9238 
8.8948 
8 .  7963 

0.4181 
0 . 6949 
0.2881 
o.325o 
0.4762 

-7.9488 
+8.5595 
—8.3363 
—8.2585 
—7.1588 

— 9 . 8606 
+9.7309 
— 9.9768 
— 9 . 9604 
— 9 . 6909 

+9.0979 

—9.4777 
+9.3824 

+9-3344 
+8.3341 

0.8669 
0.8589 
0.8579 
0.8528 
0.-8465 

9.9686 
9.9698 
9.9700 
9.9707 
9.9716 

276 
277 
278 
279 
280 

8.5624 
8.7543 
8.3520 
8.35oo 
8.3427 

8.9951 
9.1884 
8.8010 
8.8o35 
8^8010 

0.1860 
0.7708 
0.5077 
0.5x35 
o.5o36 

— 8.45i5 
+8.7153 
+7.4x86 
+7.5266 
+7.3118 

— 0 . ooo5 
+9.8337 
— 9 . 5o68 
—9.4583 
—9.5367 

+9.4286 
—9.4993 
— 8.5917 
—8.6078 
—8.4860 

o.84x8 
0 . 84o5 
0.8273 
0.8233 
0.819X 

9.9722 
9.9724 
9.9742 
9.9746 
9.9762 

281 
282 
283 

284 
285 

8.3494 
8.5551 
8.33o2 
8.3232 
8.3944 

8.8127 
9.0261 
8.8027 
8.8oi5 
8.8777 

0.5297 
0.6797 
0.4689 
0.4940 
0.5903 

+7.7329 
+8.46o3 
—7.3279 
+6.9056 
+8.1296 

— 9.2842 
+9 .  7020 
— 9.72x1 
— 9.599X 

+9.1818 

—8.8959 
— 9.4108 
+8.5oi8 
—8.0814 
— 9.2296 

o.8i46 
0.8078 
0.8064 
0.80x2 
0.7967 

9.9767 
9.9766 
9.9767 
9.9772 
9.9777 

286 
287 
288 
289 
290 

8.3260 
8.4090 
8.9397 
8.6o53 
8.4348 

8.8i38 
8 . 9042 
9.4372 
9.X073 
8.9442 

0.5277 
+0.6078 
—0.3555 
+0.7242 

0.6321 

+7.6870 
+8.1950 
— 8.9277 
+8.5438 
+8.2734 

— 9 . 3098 
+9.3771 
— 0.0x19 
+9.7869 
+9.5371 

-8.85x3 
—9.2696 
+9-4696 
—9.4x60 
— 9.3093 

0.7925 
0.7859 
0.7839 
0.7798 
0.7730 

9.9782 
9.9789 
9.9791 
9.9795 
9.9801 

291 
292 
293 

294 
295 

8.4x11 
8.2925 
8.5679 
8.3073 
8.2798 

8.9257 
8.8x23 
9 . 0903 
8.8367 
8.8094 

0.6208 

0.4524 

0.7144 
o.553o 

o.463o 

+8.2267 
— 7.5526 

+8.4999 
+7.8689 

—7.3896 

+9.4731 
-9.7788 

+9-7736 
—8.7372 

—9.7434 

-9.28x6 
+8.7214 
— 9 . 3909 
— 9.ox4x 
+8.562X 

0.7681 
0.7635 
0.7612 

0.7547 
0.7545 

9.9806 
9.9810 
9.9812 
9.9818 
9.9818 

296 
297 
298 
299 
3oo 

8.4760 
8.2797 
8.3866 
8.3iao 

+8.9725 

9. Olio 
8.8222 
8.9292 
8.855o 
+9.5289 

0.6701 
0.5340 
0.6221 
0.3856 
+0.9879 

+8.3689 
+7.6980 
+8.2038 

—7.9614 
+8.9645 

+9.6807 
—9.2225 
+9.4823 
— 9.9x23 
+9.9363 

—9 .  3402 
—8.8587 
— 9.2575 
+9.0893 
— 9.4x95 

0.7495 
0 . 7426 
0.7425 
0.742X 
— 0.7297 

9.9823 

9.9828 

9.9828 

9.9829 

+9.9839 
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No. 
3oi 

B.A.C. 

ConsteUaUon. 

Mag. 

Right  Ascenaion, 
Jan.  1, 1890. 

Annual 
VariaUon. 

North  Polar  Dial., 
Jan.  1, 1690. 

Annual 
Variation. 

1573 

Celi, 

f 

5 

h.  m.        a. 
4  59     0.80 

+2.'x53 

0       '         « 

125  4i  29.3 

—  5.20 

3o2 

1575 

2  Leporis, 

e 

4 

59    6 . 74* 

+2.538 

1x2  34  34.1* 

5.22 

3o3 

i587 

Mense, 

A\ 

5     0    o.x5 

— x.533 

i65  10     3.1 

4.91 

3o4 

1 588 

67  Eridani, 

P 

3   . 

0  28.73 

+3.948 

95  17    4.7 

5.07 

3o5 

1591 

i5  Orionis, 

5 

I     7.04* 

3.43o 

74  35  56.4* 

5.12 

3o6 

1697 

69  Eridani, 

-k 

4 

I  58.26 

2.872 

98  57     1.7 

5.00 

3o7 

1600 

DoradilB, 

c 

5 

a  56.53 

i.oox 

x47  4o  45.2 

5.XO 

3o8 

1602 

IX  Aarige, 

/* 

5 

3  10.09 

4.094 

5x  4i  55.8 

4.86 

3o9 

1608 

3  Leporis, 

( 

4i 

5  18.17 

2.798 

X02     3  12.7 

4-72 

3io 

1611 

17  Ononis, 

p 

5 

5  27.16 

3.135 

87  19  18.7 

4.73 

3ii 

1612 

Doradi^s, 

/* 

5 

5  35.19 

o.5x4 

1 5a     0    9.7 

4.04 

3l2 

i6i3 

1 3  Aurige, 

a 

I 

5  36.97* 

4.422 

44    9  39.4* 

4.3o 

3i3 

i6x4 

i4*Aurigae, 

5 

5  38.73* 

3.899 

57  29  3o.o* 

4.73 

3i4 

1616 

5  Leporis, 

y- 

5 

6  11.59* 

2.688 

X06  23  12.3* 

4.66 

3i5 

1617 

4  Leporis, 

K 

5 

6  18.39 

2.770 

xo3     7  21.3 

4.64 

3i6 

1623 

19  Orionis, 

P 

X 

7  19.86* 

2.884 

98  22  45.2* 

4.56 

3i7 

i63i 

1 5  Aarige, 

A 

5 

8  35. 6x* 

4.2x0 

5o     2  26.4* 

3.80 

3i8 

i638 

20  Orionis, 

r 

4 

xo  19.58 

2.9x6 

97     0  39.1 

4.38 

3i9 

i65o 

Cohimlrae, 

0 

5 

12     4.55 

2 ;  1 62 

125     2  46.1 

3.66 

320 

i653 

6  Leporis, 

X 

4i 

12  39.98* 

+3.764 

xo3  20     8.2 

4.09 

321 

1659 

Doradiis, 

e 

5 

i3  53.59 

— 0.075 

i57  2x   i5.8 

4.07 

322 

i665 

23  Orionis, 

m 

5 

l4    57. X2* 

+3.X52 

86  36  x6.3* 

3.91 

323 

1672 

Pictoris, 

C 

5 

i5  4i.4a 

1.457 

x4o  46     8.3 

4.XX 

324 

1681 

112  Tauri, 

P 

2 

16  48.80* 

3.791 

6x  3i  29.5* 

3.57 

325 

1 684 

28  Orionis, 

V 

4i 

16   56.22 

3.0x4 

92   32   22.6 

3.73 

326 

1687 

24  Orionis, 

r 

2 

X7     5.3i* 

3.220 

83  47  37.7* 

3.72 

327 

1690 

24  Aarige, 

^ 

5 

17  4a*5x 

3.974 

55  39  37.9 

3.63 

328 

1695 

1x4  Tauri, 

0 

5 

18  37.61* 

3.602 

68  IX  47.5* 

3.63 

329 

1700 

3o  Orionis, 

r 

5 

18  58.87 

3.143 

87     2  x8.8 

3.56 

33o 

1704 

Pictoris, 

K 

5 

19  36.52 

I.XX2 

i46  16  50.9 

3. 12 

33i 

1706 

Camelopardi, 

5 

X9  45.79 

8.002 

i5    4    3.4* 

3.5o 

332 

1715 

9  Leporis, 

P 

4 

21  49*19* 

2.572 

no  52  56.3 

3.a5 

333 

1717 

3 1  Orionis, 

5 

22     7.09 

3.o46 

91   12  53.8 

3.a6 

334 

1722 

32  Orionis, 

A 

5 

22  45.58* 

3.208 

84  10  16.9* 

3.2a 

335 

1723 

25  Aurigae, 

X 

5 

22  57. 7x* 

3.905 

57  55  27.2* 

3.37 

336 

1730 

34  Orionis, 

6 

2 

24  20.72* 

3.066 

90  84  53.x* 

3.07 

337 

1731 

36  Orionis, 

V 

5 

24  40.70 

a.  905 

97  24  58.8 

3.07 

338 

1739 

Cohimbe, 

e 

4 

25  53. 3i 

2.x3x 

125  35     2.6* 

8.85 

339 

1741 

XX  Leporis, 

a 

3i 

26    6 . 96* 

a.  648 

X07  56     0.7* 

a. 96 

340 

1748 

37  Orioni9, 

^' 

4i 

26  35.26 

3.291 

80  37     0.9 

a. 89 

34i 

1749 

39  Orionis, 

X 

4 

26  52.73 

3.3o2 

80  10  18.4 

a. 85 

342 

1756 

Columbe, 

5 

37  47.53 

a.ox3 

X28  37  21.5 

a. 81 

343 

1759 

4a  Orionis, 

c 

5 

27  59.34 

2.958 

94  56  3o.2 

a.  78 

344 

1762 

44  Orionis, 

I 

3i 

28     5.91 

2.936 

96    0  45.2 

a. 77 

345 

1765 

46  Orioni^ 

e 

2i 

28    36.22* 

3.044 

91   18     8.2* 

a. 73 

346 

1766 

4o  Orionis, 

^' 

4i 

■ 

28  4o.i4* 

3.293 

3.585 

80  47  44.6* 

3.43 

347 

1767 

ia3  Tauri, 

f 

3i 

28  40.97* 

68  57  i4.9* 

3.71 

348 

1768 

26  Aurige, 

5 

29    0.35* 

3.846 

59  36     8.x* 

3.69 

349 

1780 

48  Orionis, 

a 

4 

3i  i3.o8 

3.010 

92  4i  88.2 

3.5o 

35o 

1785 

49  Orionis, 

d 

5 

5  3x  37.71* 

+2.902 

97  x8    4.1* 

—  3.4a 
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No. 

3ox 
3o2 
3o3 
3o4 
3o5 

Logarithms  of                               | 

Logarithms  of                               | 

a 

h 

c 

d 

fl' 

V 

c' 

df 

4-8 . 3342 

8.2778 
8.8287 
8.2354 

8.2448 

+8.8987 
8.843o 
9.4006 
8.81x0 
8.8253 

+0.33x2 
+o.4o38 
— 0.2567 
+0.4700 
0.5349 

— 8.x 002 
— 7.8620 
—8.8x39 
— 7.X996 
+7.6690 

— 9.96x6 
—9.8871 
— 0.0190 
—9.7x69 
— 9.2082 

+9.1859 
+9 .  oo34 
+9.3983 
+8.3739 
—8.8292 

— 0.7221 

0.7214 
0.7152 
0.7x18 
0.7072 

+9-9844 
9.9845 

9.9849 
9.9862 
9.9855 

3o6 
3o7 
3od 
3o9 
3xo 

8.2280 

8.4875 

8.3I9I 
8.2072 
8.1969 

8.8x52 
9.0822 
8.9157 
8.82XX 
8.8x20 

0.4574 
0.0097 
0.6x22 
o.446x 
0.4957 

-7-7. 4200 

—8.4x44 
+8.11x4 
— 7.5270 

+6.8664 

— 9.7629 
— 0.02X6 

+9.4153 

—9.7975 
—9.5889 

+8.5908 
+9.3x85 
— 9.1822 

+8.6934 
—8.0420 

0.7010 
0.6939 
0.6922 
0.6759 
0,6747 

9.9869 
9.98C4 
9.9865 
9.9875 
9.9876 

3ii 

3X2 

3x3 

3x4 
3x5 

8.5238 
8.352X 
8.2690 
8.2086 
8.2012 

9.1400 
8.9685 
8.8856 
8.8296 
8.8234 

9.7968 
0.6443 
0.5909 
0.4295 
0.442X 

—8.4697 
+8.2079 

+7-9993 
— 7.6590 

—7.5573 

— 0.0261 
+9.5966 

+9-1942 
—9.8393 
—9.8085 

+9 -3174 
— 9.2970 

—9.10x4 
+8.8x71 

+8.72x9 

0.6737 

0.6734 
0.6733 
0 . 6689 
0.6680 

9.9876 
9.9877 
9.9877 
9.9879 
9.9880 

3x6 
3x7 
3x8 
3x9 

320 

8.X861 
8.2866 
8.1597 
8.2280 

8.1477 

8.8170 

8.9284 
8.8x69 
8.90x2 
8.8265 

0.4592 

0.6194 

0.4639 

0.333I 

+0.4410 

—7.3496 
+8.0943 
—7.2463 
— 7.987X 
— 7.5io6 

—9.7568 

+9-4678 

— 9.7403 
— 9 . 9624 
— 9.81x6 

+8.52II 
— 9.1549 
+8.4191 
+9.0763 
+8.6749 

0.6597 
0.6494 
0.6348 

0.6194 
o.6i4i 

9.9884 
9.9890 
9.9897 

9.9904 
9.9907 

321 
322 

323 

324 
325 

8.539X 

8.1x54 
8.3o65 
8.1525 
8.0957 

9^2296 
8.8x62 

9.0x47 
8.8722 
8.8x66 

—8.8420 
+0.498X 

o.i654 
0.5778 
0.4789 

— 8 . 5o42 
+6.8879 
—8.1956 
+7.83o8 
— 6.7422 

— 0 . o3oo 
— 9.5742 
—0.0148 
+8.9385 
—9.6785 

+9.2658 
— 8.0632 
+9.1727 
— 8.9509 
+7.9179 

0.6029 
0.5929 
0.5858 
0.5748 
0.5736 

9.9912 
9.99x6 
9.9918 
9.9922 
9.9923 

326 
327 
328 
329 
33o 

8.0963 
8.1707 
8.XI03 
8.075© 
8.3234 

8.8188 
8.8997 
8.8490 
8.8x75 
9.0727 

0.5070 
0.5986 
0.5559 
0 . 4968 
o.o4o8 

+7.x3o4 
+7.922X 
+7.6802 
+6.7882 
—8.2434 

— 9.5120 
+9.2929 
— 8.5740 
—9.5827 

— 0.0252 

— 8.3o39 
— 9.ox5o 
—8.8240 
7.9637 
+9.X639 

0.5721 
0.5658 

0.5564 
0.5527 
0.5461 

9.9923 
9.9926 
9.9929 
9.9930 
9.9932 

33i 
332 
333 
334 
335 

8.65x2 
8.073X 
8.o4o3 
8.o35x 
8.1024 

9.4023 

8.8474 
8.8i8x 
8.8204 
8.8902 

0.9010 
0.4095 
0.4832 
o.5o59 
0.5908 

+8.6360 
— 7.6251 
—6.3667 
+7.0418 
+7.8275 

+  9.9232 
—9.8791 
—9.6578 
— 9.5205 
+  9-1942 

— 9.2270 
+8.77x6 
+7 .5427 
-8.2x57 
—8.93x6 

0.5444 
0.52x9 
o.5i85 
o.5iii 
0.5087 

9.9933 
9.9940 
9.9940 
9.9942 
9.9943 

336 
337 
338 
339 

34o 

8.oi4i 
8.0x37 
8.0848 
8.0x38 
7.99x9 

8.8x86 

8.8224 
8 . 9089 
8.84o8 
8.825x 

0.4859 
0.4622 
0.3273 
0.4220 
0.5171 

—5.8740 
—7.1246 
—7.8496 

— 7.5o22 

+7.2042 

— 9 . 6446 
— 9 . 7465 
9.9677 
—9.8558 
— 9.4264 

• 

+7.o5oi 
+8.2070 
+8.9360 
+8.6566 
—8.3745 

0.4924 
0.4884 
0.4733 

0.4704 
0.4644 

9.9947 
9.9948 
9.9962 
9.9962 
9.9964 

34 1 
34a 
343 

344 
345 

7.9887 
8.0775 
7.9692 
7.9685 
7.9594 

8.8258 
8.9268 
8.82x3 
8.8221 
8.8x99 

o.5x85 
o.3o38 
0.4707 
0.4670 
o.483o 

+7.2210 

—7.8728 

— 6.9045 

—6.9887 

—6.3x59 

— 9.4128 
— 9.9809 
—9.7x40 
— 9.7286 
— 9.6594 

—8.3906 

+8.9417 
+8.0789 

+8.X624 

+7.4919 

0.4606 
0.4486 
0.4459 

0.4444 
0.4376 

9.9966 
9.9967 
9.9968 
9.9968 
9.9969 

346 

347 
348 

349 

35o 

7.9640 
7.988X 
8.0180 
7.9222 
+7.9x90 

8.8255 
8.8498 
8.8841 
8.8210 
+8.8241 

o.5x66 
0.5539 
0.5852 

0.4783 
+0.4625 

+7.1680 

+7.5434 
+7.7221 
—6.5938 
— 7.o23i 

— 9.4312 
— 8.6920 
+9.1042 
—9.68x3 
—9.7455 

—8.3385 
—8.6895 
— 8.834o 
+7.7695 
+8.X957 

0.4367 
0.4365 
0.4320 
0.4000 
—0.3938 

9.9969 
9.9969 
9.9960 
9.9966 
+9.9967 

414 


Table  XXX. 


Catalogue  of  1500  Stars. 


No. 
35i 

B.  JL.  U« 

CoMtellattoiL 

Mas. 

Right  Atoension, 
Jan.  1,  1850. 

Annual 
Variation. 

Nortli  Polar  Diat., 
Jan.  1, 1890. 

Annual 
Variatkn. 

I79I 

Doradtks, 

P 

4 

k.  m.       9. 

5  32   19.75 

9. 
+0..  5o6 

Of               *f 

i53  35  30. 0 

—  3.45 

352 

1794 

5o  Ononis, 

^ 

2 

33  II. 5x* 

3.o3o 

93     I  37.8* 

3.33 

353 

1802 

Columbe, 

a 

2 

34  i3.i5* 

a. 177 

ia4    9  38.4* 

a.aS 

354 

1823 

1 3  LeporiB, 

7 

4 

38  12. 6i* 

2.5oo 

113    3o      3.8* 

1.55 

355 

i83o 

29  AurigtB, 

T 

5 

38  46.97 

4.i53 

5o  53  35.8 

1.79 

356 

1837 

1 32  Tauri, 

5 

39  48.77* 

3.683 

65  39  17.9* 

1.75 

357 

i84o 

1 4  Leporis, 

c 

Ak 

4o    9.70 

. a . 730 

io4  53  55.7 

1.72 

358 

i843 

53  Ononis, 

K 

3 

4o  38.64 

a.  846 

99  43  38.6 

1.66 

359 

1 845 

32  Aiirige, 

V 

5 

4i     5.72 

4.i56 

5o  54    6.0 

1.68 

36o 

1849 

3x  Camelopardi, 

5 

4i  32. o8* 

5.365 

3o    9  i3.i* 

1.57 

36  X 

i854 

3o  Aurigtt, 

^ 

5 

42  16.53 

5.019 

34  20    9.1 

I  .52 

362 

i855 

Pictoris, 

5 

42  19. o3 

1.667 

i36  39  17.7 

1.47 

363 

i86x 

Pictons, 

/? 

4i 

43  43.82 

1.416 

i4i     7  aa.S 

1.54 

364 

i863 

1 36  Tauri, 

4^ 

43  54.06* 

3.771 

62  25  44.6* 

1.35 

365 

1868 

Doradiis, 

d 

4i 

44  3o.5o 

0.077 

i55  47  35.3 

1.07 

366 

1871 

1 5  Leporis, 

6 

5 

44  52. 20 

a.  578 

no  53  43.3 

0.66 

367 

1876 

54  Ononis, 

;e 

5 

45  3o.o3* 

3.55a 

69  45  24.7* 

1.17 

368 

1878 

ColumlwB, 

/? 

3 

45  4o.6i* 

3.109 

125  49  43.0* 

1.53 

369 

i883 

58  Orionis, 

a 

X 

47    3.i4* 

3.249 

82  37  33.0* 

i.i3 

370 

1 884 

Pictoris, 

y 

A\ 

47    6.37 

1.073 

i46  12  21.3 

1.06 

371 

i885 

33  Aurigse, 

d 

31 

47  10.44* 

4.937 

35  44    3.4* 

1 .01 

372 

1890 

Pictoris, 

5 

47  a9'53 

1.338 

i43    8  4i.i 

1.08 

373 

1891 

Columbas, 

7i 

5 

47  39.73 

2.1G7 

ia3  5o  II. 8 

1. 17 

374 

1895 

34  Aurigee, 

P 

2 

48  31.46* 

4./04 

45    4  37.7* 

0.97 

375 

1897 

35  Aurige, 

ir 

5 

48  48.11* 

4.452 

44    4  59.6 

0.96 

376 

1900 

37  Aurigw, 

e 

4 

49  29.59* 

4.092 

52  48  13.4* 

0.81 

377 

1901 

16  Leporis, 

n 

4 

49  34.47* 

+2.735 

io4  II  56.3* 

1.06 

378 

1905 

Doradtis, 

e 

5 

5o    2.4i 

—0,120 

i56  56  16. I 

1.08 

379 

1922 

Colmnbs, 

7 

4 

52  i3.o3* 

-f-2.127 

135  18  10.8* 

0.61 

38o 

1928 

61  Orionis, 

h 

5 

54     7-97 

3.3o2 

80  31  a8.o 

o.5o 

38 1 

1933 

Puppis, 

5 

54  33. 3i 

1.833 

i3a  49  33.3 

o.5o 

382 

1934 

64  Orionis, 

J^ 

5 

54  34.74 

3.559 

70  18  46.1 

0.43 

383 

1938 

X  Geminorum, 

5 

55    o.i4* 

3.648 

66  44    2.6* 

0.33 

384 

1939 

62  Orionis, 

;t* 

5 

55    0.76* 

3.565 

69  5i  48.1* 

0.40 

385 

1943 

37  Camelopardi, 

,5 

56  44.97* 

5.298 

3i     3  10.4* 

0.29! 

386 

1958 

67  Orionis, 

V 

4i 

59    0.49* 

3.428 

75  i3    7.4* 

0.06 

387 

1959 

1 8  Leporis, 

e 

4i 

59  22.12 

2.718 

io4  55  34.4 

—  o.o5 

388 

1979 

4o  Camelopardi, 

5 

6     2  II. 99* 

5.393 

39  58     3.4* 

+  0.2a 

389 

1980 

Camelopardi, 

5 

2  18.53* 

6.6a3 

30  38  i3.3* 

0.39 

390 

1982 

Columbtt, 

e 

5 

2  23.37 

a.  069 

137  i4    5.9 

o.ai 

391 

1990 

70  Orionis, 

^ 

5 

3  24.69 

3.4i5 

75  45  44.8 

0.34 

392 

1992 

I  Lyncis, 

5 

4    4.90* 

5.538 

38  36  40.4* 

0.37 

393 

1994 

Monocerotis, 

5 

4  32.98 

a. 918 

96  3i  IS. 5 

o.4o 

394 

2001 

44  Auri^, 

K 

4 

5  49.14* 

3.8a8 

60  37     9.0* 

0.80 

395 

2002 

7  Genunorum, 

V 

4 

5  49.35* 

3.634 

67  37  18.3* 

o.Sa 

396 

2007 

2  Lyncis, 

5  Monocerotis, 

4i 

6  a3.2i* 

5.3io 

3o  56  33.3* 

0.56 

397 

201 5 

41 

7  3a. 45 

3.938 

96  i4    0.9 

0.79 

398 

2o34 

Cohimbs, 

K 

41 

II  12.95 

3.i33 

135    5  37.3* 

I.Ot 

399 

2o44 

46  Aurigee, 

5 

i3  20.48* 

4.639 

4o  38  33.3* 

i.aS 

4oo 

2047 

1 3  Geminorum, 

^ 

3 

6  i3  53.13* 

+3.636 

67  34  53.3* 

+  1.34 

Table   XXX. 


415 


Catalogue   op   1500   Stars. 


No. 
35i 

Logarithms  of                             | 

LogaritbiM  of                             | 

a 

b 

c 

d 

fl' 

y 

c' 

d' 

+8.a4i6 

+9.1576 

+9.7086 

—8.1899 

— 0 

.0339 

+9.029X 

— o.383o 

+9- 

9968 

352 

7.8913 

8.821a 

o.48o5 

—6.4398 

-9 

.6710 

+7.6x56 

0.3693 

9- 

9970 

353 

7.9563 

8.9034 

0.3363 

— 7.7056 

-9 

.9624 

+8.7995 

0.3524 

9- 

9973 

354 

7.8357 

8.8563 

o.4ox3 

—7.4x85 

-9 

.8932 

+8.5602 

0.2796 

9" 

,9980 

355 

7.9000 

8.9323 

0.6184 

+7.700X 

+9 

.4648 

—8.7659 

0.2681 

9 

.9981 

356 

7.8093 

8.8632 

0.5656 

+7.4272 

+8 

.2672 

—8.5623 

0.2465 

9 

.9983 

357 

7.7755 

8.8371 

0.4340 

— 7.x85a 

—9 

.8295 

+8.3464 

0.2390 

9 

.9984 

358 

7.7563 

8.8287 

0.4537 

—6.9841 

-9< 

.7753 

+8.1539 

'      0.2283 

9 

.9985 

359 

7-8499 

8.9325 

0.6184 

+7.6497 

+9< 

.4649 

— 8./157 

0.2x81 

9 

.9985 

36o 

8.0287 

9.1215 

0.7295 

+7.9656 

+9- 

.8088 

—8.8426 

0 . 2080 

9 

.9986 

36i 

7 . 9606 

9.0713 

0 . 7009 

+7.8774 

+9 

.7623 

— 8.8o48 

0.1902 

9 

.9987 

36a 

7.8743 

8.9860 

0.2197 

-7.7359 

— 0 

.0099 

+8.7486 

0.X89X 

9 

.9987 

363 

7.8770 

9.0251 

0.l5l2 

-7.7683 

— 0, 

,0207 

+8.742X 

o.i53x 

9 

.9989 

364 

7.7225 

8.8752 

0.5760 

+7.3880 

+8 

.8865 

— 8.5ix7 

o.x485 

9 

.9989 

365 

8 . 0407 

9.2101 

9.0145 

— 8 . 0007 

0 

.o366 

+8.7896 

o.i3x8 

9 

.9990 

366 

7.6728 

8.8525 

o.4o85 

— 7.2251 

—9 

.88x6 

+8.3716 

o.xai6 

9 

.9991 

367 

7.6524 

8.85o7 

o.55x8 

+7.19x5 

—8. 

.79x7 

—8.3399 

o.zo3i 

9 

.9991 

368 

7.7107 

8.9142 

0.3237 

—7.4781 

—9 

.97x3 

+8.563I 

0.0979 

9< 

.9992 

369 

7.5793 

8.8268 

o'.5iio 

+6.6877 

-9 

.48o3 

— 7.8601 

o.o54o 

9 

.9993 

370 

7.8286 

9.0780 

o.o3i9 

— 7.7482 

— 0. 

.0298 

+8.6696 

o.o522 

9 

.9993 

371 

7.8o5o 

9.o568 

0.6925 

+7.7x45 

+9. 

.7459 

—8.6570 

0 . 0498 

9 

.9993 

372 

7.7728 

9.0353 

o.i3i3 

— 7.6702 

— 0, 

.023x 

+8.6342 

0 . 0390 

9< 

'9994 

373 

7.6353 

8.9039 

0.3376 

— 7.38xx 

-9 

.962X 

+8.4766 

o.o33x 

9- 

.9994 

374 

7.673a 

8.9733 

0.6437 

+7.5221 

+9- 

.5999 

—8.5483 

0.0016 

9- 

9995 

375 

7.6703 

8.9810 

0.6483 

+7.5266 

+9- 

.6x87 

—8.5451 

9.99x0 

9 

.9995 

376 

7.5838 

8.9222 

o.6zii 

+7.3653 

+9 

.4X20 

—8.4426 

9.9634 

9- 

.9995 

377 

7.4951 

8.8369 

+0.4366 

6.8848 

—9 

.8233 

+8.0474 

9.9599 

9 

.9996 

378 

7.8689 

9.23o5 

—8.8248 

—7.8327 

— 0 

,0371 

+8.6018 

9 . 9402 

9' 

.9996 

379 

7.4429 

8.9119 

+0.3272 

■^7.2047 

—9 

.9693 

+8.2926 

9.8329 

9 

.9998 

38o 

7-2383 

8,83oo 

o.5i82 

+6.4623 

—9 

.4x56 

— 7.6322 

9.7104 

9 

•9999 

38 1 

7.3343 

8.9584 

0.2629 

— 7.1666 

—9 

.9991 

+8.2081 

9.6780 

9 

•9999 

38a 

7.2243 

8.85oo 

o.55oi 

+6.75x8 

—8 

.856x 

7.9017 

9.6764 

9 

'9999 

383 

7.19Q1 

8.8607 

0.56x7 

+6.7957 

7 

.5798 

—7.9350 

9 . 64o6 

9- 

'9999 

384 

7.1889 

8.85x2 

o.55i5 

+6.7258 

—8 

.8007 

—7.8745 

9.6398 

9 

'9999 

385 

7.2638 

9.1x14 

0.7235 

+7.X967 

+9 

.80x2 

—8.0853 

9.4547 

0 

.0000 

386 

6.4745 

8.8385 

0.5345 

+5.88x2 

—9 

.2x62 

— 7.0427 

8.9382 

0 

.0000 

387 

+6.2787 

8.8388 

0.4336 

—5.6896 

-9 

.83o5 

+6.85o8 

— 8.7421 

0 

.0000 

388 

— 7.1065 

9.1254 

0.7315 

— 7.o44a 

+9 

.8x26 

+7.9188 

+9.2834 

0, 

.0000 

389 

7.2796 

9.2768 

0.8209 

— 7.2508 

+9 

.8937 

+7.9740 

9.3o5o 

0. 

.0000 

390 

6.94x1 

8.9229 

0.3127 

+6.7229 

— 9< 

.9780 

— 7.8000 

9.3204 

0 

.0000 

391 

7.0102 

8.8374 

0.5327 

— 6.4010 

—9 

.2423 

+7.5635 

9.4749 

0, 

.0000 

393 

7 . 3960 

9.1460 

0,7434 

— 7.3401 

+9 

.8276 

+8.X94X 

9.5522 

9- 

■9999 

393 

7.1245 

8.8266 

o.465i 

+6.1797 

—9 

.7362 

—7.3530 

9 . 6000 

9- 

9999 

394 

7.2892 

8.8843 

o.583o 

—6.982a 

+9 

.0626 

+8.0978 

9.7070 

9- 

9999 

395 

7.2632 

8.8583 

0.5594 

— 6 . 8469 

—8 

.243o 

+7.9885 

9.7070 

9- 

9999 

396 

7.5579 

9.X126 

0.7243 

—7.49x2 

+9 

.8022 

+8.3784 

9.7473 

9' 

9998 

397 

7.3437 

8.8263 

0.4661 

+6.3794 

—9 

.7323 

— 7.5529 

9.8194 

9' 

9998 

398 

7.6005 

8.9105 

0.3289 

+7.3601 

—9 

.9682 

—8.4491 

9.9917 

9- 

9995 

399 

7.7748 

9.0094 

0.6652 

— 7.655o 

+9 

.6765 

+8.6449 

0.0670 

9- 

9993 

i4oo 

— 7.6407 

+8.8578 

+0.5594 

— 7.2251 

—8 

.2406 

+8.3665 

+0.0843 

+9- 

9992 
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No. 

4cn 

B.A.C. 

CoQMelUtioii. 

Mag. 

Right  AacensiOD, 
Jan.  1,  1850. 

h.      9fl.          9. 

6  i4  33.41 

Annual 
Variation. 

North  Polar  Dlst., 
Jan.  1, 18M 

Annual 
Variatioc. 

205l 

I  Canis  MajoriB, 

? 

2^ 

9. 

+2.3o4 

0      '        f* 
X20      0       1.6 

-\-  .x.3o 

4o2 

2061 

2  Canifl  Majoris, 

/3 

2^ 

16     5.79» 

2.643 

X07  53     8.0* 

i.4i 

4o3 

2066 

3  Canis  Majoris, 

4 

16  38.09 

2.197 

X23   2X    5o.x* 

1.54 

4o4 

2090 

18  Geminorum, 

V 

4 

20     3.35« 

3.566 

69  4i  53.3* 

X.78 

4o5 

2095 

Camelopanli, 

5^ 

20  35. I 5 

X0.447 

xo  X7  X8.9 

2.41 

4o6 

2096 

Argiis, 

a 

X 

20  37.46 

i.33o 

i42  36  56.4 

1.80 

407 

2109 

Cauls  MajoriSy 

4^ 

22  36.75 

2.224 

122  29  x8.4 

X.90 

4o8 

2126 

x3  Monocerotis, 

5 

24  47-56 

3.247 

82  33  4x.6 

2.19 

409 

2l32 

4  Canis  Majoris,  |^ 

5 

25  36.53 

2.5ox 

1x3  x8  48.6 

2.a3 

1 

4io 

2137 

Puppis, 

z 

5 

26    6.46 

1.432 

x4o    8  13.9 

2.50 

4ii 

2157 

5 1  Cephei, 

5 

28  32.88* 

30.723 

2  44  38.8* 

2.58 

4l2 

2i58 

Canis  Majoris, 

5 

28  33.65 

2.093 

126     7  23.3 

2.41 

4i3 

2x59 

5o  Aurigae, 

5 

28  36.89 

4.294 

47  23     5.6 

2.55 

4i4 

2160 

5  Canis  Majoris, 

^ 

5 

28  46.40 

29  2.73* 

2.522 

XX2  5o  55.7 

2.45 

4i5 

2x63 

24  Geminorum, 

7 

2i 

3.469 

73  28  39.4* 

2.56 

4i6 

217X 

7  Canis  Majoris, 

V* 

5 

'   3o    8.5i 

2.6x7 

109     7  52. 0 

2.66 

417, 

2x76 

Carinas, 

5 

3i  40.XI 

1.3x4 

142  5i   X7.1 

2.7S 

4i8 

2182 

55  Aurigae, 

5 

32     9.67* 

4.377 

45  20  x5.6* 

2.84 

419 

2x88 

Argite, 

V 

3 

33  X0.35 

1.834 

i33     3  59.5 

2.83 

420 

2x93 

Puppis, 

V 

5 

34  38.54^ 

1. 6x6 

x38     5  X9.3 

3.09 

421 

2194 

27  Geminorum, 

e 

3 

34  42.13* 

3.700 

64  43  32.7* 

3.o5 

422 

2198 

42  Camelopardi, 

5 

35  X6.87 

6.3o2 

22  x6  19,1* 

3.07 

423 

2206 

3 1  Geminorum, 

f 

4 

36  52.23* 

3.374 

76  56  52.0* 

3.38 

424 

2209 

43  Camelopardi, 

5 

37  3o.x9* 

6.527 

20  56  48.1* 

3.27 

425 

2210 

Camelopardi, 

5 

38    6.23 

8.868 

12  5o  39.7 

3.35 

426 

22X3 

9  Canis  Majoris, 

a 

I 

38  32.39* 

2.646 

106  3o  5o.6* 

4k.  5o 

427 

22X6 

17  Monocerotis, 

5 

39  IX. 22 

3.270 

8x  48  18.7 

3.41 

428 

2222 

x8  Monocerotis, 

5 

4o    2.48 

3.X37 

87  25  4o.3 

3.52 

429 

2223 

58  Auri^, 

5 

4o    9 . 28* 

4.249 

48     2  53.5* 

3.6x 

43o 

223l 

Puppis, 

X 

5 

42  i3.24 

2.049 

X27.  45  57.2 

3.57 

4ai 

2237 

34  Gemixiorum, 

e 

5 

42  53.88* 

3.963 

55  5x  49.2* 

3.78 

432 

2246 

1 3  Canis  Majoris, 

K 

4 

44  14.33* 

2.242 

X22  20  22.0* 

3.86 

433 

2248 

x5  Lyncis, 

5 

44  16.56* 

5.227 

3i  23  17.9* 

4.o3 

434 

2252 

Cams  Majoris, 

5 

45    25.24 

2.X87 

X24  II  44.6 

4.08 

435 

2256 

Argils, 

T 

4 

46  X2.94 

1.490 

x4o  26  17.5 

4.i3 

436 

2259 

CarinaB, 

B 

5 

46  35.07 

X.279 

x43  26  54.4 

4.i3 

437 

2260 

Pictoris, 

a 

4 

A^  39.00 

0.6x1 

i5x  46  53.6 

3.79 

438 

2264 

1 4  Canis  Majoris, 

e 

5 

47  i3.4i 

2.791 

xox   5i   17. 7 

4.14 

439 

2267 

16  Canis  Majoris, 

0» 

4 

47  54.73 

2.492 

1x4     0    o.i 

4.i5 

440 

2274 

ao  Canis  Majoris, 

I 

4* 

49  26.89 

a. 676 

X06  5i  48.9 

4.28 

44i 

2293 

21  Canis  Majoris, 

e 

2^ 

52  43.89* 

2.36o 

X18  46  17.4* 

4.56 

442 

2295 

Puppis, 

t 

5 

52  55.64 

2*195 

123  54  4o.5 

4.58 

443 

23o5 

43  Geminorum, 

c 

4 

55  12.58* 

3.567 

69  X2  62.5* 

4.80 

444 

2309 

22  Canis  Majoris, 

3^ 

55  44.79 

2.391 

XX7  43  a3.7* 

4.84 

445 

23x8 

24  Canis  Majoris, 

o» 

4 

56  45,80 

a.5o7 

1x3^37     1.4 

4-91 

446 

*o'2 

23  Canis  Majoris, 

7 

4 

56  58.36 

a. 718 

xo5  a4  56.7 

4.96 

447 

2326 

Camelopardi, 

4i 

59  11.96* 

i3.i46 

7  19    a.o* 

5.i4 

448 

2327 

Puppis, 

C 

5 

59  17.78 

1. 911 

i3a    7     8.6 

5. II 

449 
45o 

2338 

63  Aun^, 
46  Gemmormn, 

5 

7     X  10. 84* 
7     X  35.20* 

4.145 

5o  86  a5.9* 

5.3o 

9340 

T 

5 

+3.83X 

59  3o  5a. I* 

+  5.39 
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No. 

LogaiitbiM  of 

LofmritluiM  of                             | 

a 

b 

c 

d 

a' 

V 

c' 

df 

4oi. 

4o2 

4o3 

4o4 

4o5 

— 7.6890 
7.6916 
7.7626 
7.7933 
8.5248 

+8.8855 

8.84/14 
8.9010 
8.85oi 
9.5703 

+o.36x8 
0.4216 
0.34x0 
0.5519 
I. 0173 

+7.3880 
+7.1789 
+7.5029 
—7.3336 
—8.5x78 

—9.9419 
—9.8570 
— 9.9595 
—8.7882 
+9.9555 

— 8.5oi6 
—8.3335 
—8.6008 
+8.48x8 
+8.9458 

+0.1048 
o.i484 
o.i6a7 
o.a437 
o.255o 

+9.9991 
9.9989 
9.9989 
9.9983 
9.9983 

4o6 
407 
4o8 
409 
4io 

7.9942 
7.8913 
7.8609 
^ . 9082 
8.0727 

9.0389 
8.8957 
8.8250 
8.8582 
9.0143 

o.ia32 
0.3470 
o.5iii 
0.3976 
0.1702 

+7.8943 
+7.62x4 
— 6.9730 
+7.5o56 
+7.9579 

— 0.0232 
— 9.9545 
—9.4794 
—9.8986 
— 0.0173 

—8.8537 
—8.7235 
+8.1454 
—8.6447 
—8.9408 

o.a558 
0.3957 
0.3355 
0.3495 

0.3579 

9.998a 
9.9979 
9.9975 
9.9973 
9.997a 

4ii 

4l2 

4i3 

4i4 
4i5 

9.2387 
8.011X 

8.0524 
7.9571 
7.9440 

o.i4o4 
8.9133 
8.9537 
8.8560 
8.8387 

1.4879 
0.3227 
0.6326 
0.4000 
0,5396 

—9.2382 
+7.7816 
— 7.883o 
+7.5463 
-7.3979 

+9.9869 
—9.97X0 
+9.5470 
—9.8949 
—9.1268 

+9.0944 
— 8.865o 
+8.9259 
—8.6869 
+8.5557 

0.3971 
0.3967 
0.3975 
0.3999 
o.4o4o 

9.9966 
9.9966 
9.9966 
9.9966 
9.9965 

4i6 

417 
4i8 

419 
420 

7.9663 
8.1821 
8.1176 
8.1193 
8.1769 

8.9448 
0.0388 
8.9676 
8.9557 
8.9942 

0.4168 

O.X2X4 

o.64i4 
0.2634 
o.2o36 

+7.4818 
+8.0836 
—7.9645 
+7.9536 
+8.0486 

—9.8662 
— 0.02x8 

+9.588X 
— 9.9968 
— o.oxxo 

—8.6333 
— 9 . o4o6 
+8.9926 
—8.9934 
— 9.0495 

0.4200 
o.44i3 

0.4479 
o.46i3 

0.4800 

9.996a 

9-9a?8 
9.9957 

9.9954 
9.9950 

421 
42a 
423 

424 
425 

8.0461 
8.4309 
8.0399 
8.4826 
8.6957 

8.8626 
9.2401 
8.8296 
9.2648 
9.4709 

0.5676 
0.7991 
0.5285 
o.8i4o 

0.9471 

—7.6765 
—8.3972 
—7.3938 
—8.4529 
—8.6847 

+8.4728 
+9.8751 

— 9 . 3oo8 

+9.8844 
+9.9370 

+8.8089 
+9.i5ao 
+8.5585 
+9.1822 
+9.2078 

0.4807 
0.4879 
0.5069 
o.5i42 

0.5210 

9.9950 
9.9948 

9.9944 
9.9942 
9.9940 

426 
427 
428 
429 
43o 

8.0659 
8.0592 
8.0645 
8.1938 
8.1889 

8.836o 
8.8220 
8.8177 
8.9458 
8.9x86 

0.4281 
o.5x33 
0.4955 
0.6288 

0.3l22 

+7.5196 
— 7.2i3i 
— 6.7165 
—8.0189 
+7.9760 

—9.8429 
—9.4609 
—9.5903 
+9.5258 
—9.9755 

—8.6774 
+8.3848 
+7.8922 

+9.0664 
— 9.o5oo 

0.5259 
0.533I 
0.5423 
0.5435 
o.565i 

9.9938 
9.9936 
9.9933 
9.9933 
9.9926 

43 1 
432 
433 

434 
435 

8.1757 
8.1800 
8.3905 
8.2006 
8.32x5 

8.8984 
8.8890 
9.0991 
8.8978 
9.0109 

0.5978 

o.35o2 
0.7x78 
0.3384 
0.1717 

— 7.924B 
+7.9083 
—8.3217 
+7.9503 
+8.2085 

+9.2838 
— 9.950a 
+9.7866 
— 9.9590 
—0.0x36 

+9.0x88 
— 9.01x2 
+9.2x45 
— 9 . o44o 
—9.1887 

0.5719 
o.585a 
0.5855 
0.5965 
0.6039 

9.9924 
9.9919 
9.99x9 
9.99x4 
9. 9911 

436 

437 
438 
439 
44o 

8.3541 
8.4549 
8.1442 
8.i8o3 
8.1736 

9.0400 
9.x4oi 
8.8240 
8.8536 
8.8328 

o.xx54 
9.7997 
0.4465 
0.3959 
0.4273 

+8.2589 
+8.3099 
+7-4569 
+7.7896 
+7.636X 

—0.0192 
—0.0287 

—9.7964 
— 9 . 9000 
—9.8443 

-9.2100 
— 9.2507 
—8.6236 

—8.9264 
— 8.793x 

0.6073 
0.6079 
o.6i3i 
0.6193 
0.6328 

9.99x0 
9.9909 
9.9907 
9.9904 
9.9898 

44i 
442 
443 
444 
445 

8.239a 
8.2645 
8.23od 
8.2586 
8.25i3 

8.8695 
8.8932 

8.84o4 
8.8639 
8.8485 

0.372X 
0.3416 
0.55x9 
0.3781 
0.3986 

+7.9216 
+8.0X11 
—7.7808 
+7.9263 
+7.854I 

—9.9289 
—9.9558 
—8.7860 
— 9.9220 
—9.8954 

— 9.o4o5 
-9.1062 
+8.9277 

—9.0494 
—8.992a 

o.66o3 
0.6619 
0.6799 
o.684o 
0.6917 

9.9884 
9.9883 
9.9873 
9.9870 
9.9865 

446 

447 
448 

449 
45o 

8.23o8 
9.1262 
8.36i6 
8.3592 
—8.3126 

8.8a63 
9.7042 
8 . 9390 
8.0211 
+8.8726 

0.4335 
i.xi85 
0.2792 
0.6166 
+0.583I 

+7.6554 
— 9.1227 
+8.X882 
—8.1632 
—8.0179 

—9.8300 
+9.9560 
—9.9869 
+9.4465 
+9.0611 

— 8.8i56 
+9.4o38 
—9.2345 
+9.aa64 
+9.1394 

0.693a 
0.7096 
0.710a 
0.7245 
+0.7363 

9.9864 
9.9853 
9.9853 
9.9843 
+9.9841 
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B.A.C. 
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31 

Rlcht  Ascension, 
Jan.  1, 1850. 

Annual 
Variation. 

North  Polar  Dist., 
Jan.  1. 18S0. 

Annual 
VartaDonr. 

2345 

25  Canis  Majoris, 

d 

A  m.        9. 

7    a  X7.6x* 

+2.44X 

0      /         ft 
X16     9  3x.i* 

+  5.36 

452 

2349 

18  Lyncis, 

5 

a  47.5a* 

5.277 

3o    6   X0.4* 

5.76 

453 

2355 

Puppis, 

A 

5 

3  48.85 

2.007 

X39  25     3.7 

5.56 

454 

2358 

22  Monocerotis, 

4i 

4  ia.a7 

3.069 

90  x4  56.7 

5.56 

455 

2362 

5x  Geminoruxn, 

5 

4  45.34* 

3.454 

73  35  28.9* 

5.58 

456 

2379 

Lyncis, 

• 

5 

7    6.75 

4.58i 

4o  x6  3o.5 

5.79 

457 

238o 

Puppis, 

£ 

5 

7  17.85 

1.986 

x3o  i4  5o.4 

5.81 

458 

238  X 

64  Aungae, 

5 

7  35.89* 

4. 191 

48  5x  2X.5* 

5.82 

459 

2388 

27  Canis  Majoris, 

41 

8    8.47 

2.446 

X16    5  49.5 

5.85 

46o 

2389 

Puppis, 

I 

5 

8  x6.64 

X.676 

i36  3o  46. 0 

6.ao 

46  X 

2392 

Puppis, 

L' 

5 

8  44. 3o 

X.808 

x34  55  32. 0 

6.X7 

462 

2398 

54  Gexninorum, 

A 

41 

9  a8.22* 

+3.458 

73  XX  37.7* 

5.99 

463 

2400 

Yolaiitis, 

y 

5 

xo    0.28 

— 0.472 

x6o  i5  X7.0 

5.86 

464 

2407 

19  Lyncis, 

5 

10  36. 4i 

+4.926 

34  26  33.8 

6.x3 

465 

2410 

55  Geminoruxn, 

6 

3 

XX     9.67* 

3.597 

67  44  47.5* 

6.i4 

466 

24i4 

Argute, 

ff 

3 

XI  5i.o5 

2.x4i 

126  49  5x.4 

6.X7 

46| 

24x6 

65  Aurigse, 

5 

X2     0.87 

4.028 

52  57  44.4 

6.ao 

468 

24x8 

3o  Cauia  Majoris, 

5 

X2  29.41 

2.491 

1x4  4i    4.5 

6.a4 

469 

2427 

Puppis, 

P 

5 

i3  a6.54 

a.  045 

X28  56  X9.9 

6.3i 

470 

2429 

66  Aungs, 

5 

x3  44.69 

4.X75 

49    a  39.6 

6.35 

471 

2439 

Camelopardi, 

5 

i5  ia.9x 

6.3x8 

ax  x4  12. I* 

6.53 

472 

2442 

60  GeminoTuxn, 

t 

4 

16  24.36* 

+3. 74a 

61  54  32.3* 

6.65 

473 

2447 

Volantis, 

6 

5 

16  53.34 

— o.oxa 

x57  4o  57.3 

6.60 

474 

2458 

3x  Canis  Majoris, 

V 

a 

18    9.72* 

+a.372 

119    0  5x.2* 

6.7a 

475 

2462 

3  Canis  Minoris,  /3 

3 

X9    0.92 

3.26X 

8x  24  45.3 

6.83 

476 

2464 

62  Gemiiiorum, 

p 

5 

X9  27.39* 

3.871 

57  55  ai.i* 

6.6x 

477 

2478 

Puppis, 

5 

23  X7.73 

2.3x7 

I2X      9      x.o 

7.18 

478 

2482 

Argis, 

a 

4 

24  28.71 

X.92X 

i33     0     2.2 

7. IX 

479 

2484 

Puppis, 

5 

a4  52.56 

2.321 

X20  39    4*6 

7.38 

48o 

2485 

66  Gexxxinorum, 

o* 

il 

25     X.33* 

3.848 

57  47  17.0* 

7-34 

48  X 

2486 

68  Gemixioruxn, 

5 

25    2.64* 

3.433 

73  5x   19.0* 
62  A6  33.x* 

7.a3 

482 

2493 

69  Geminorum, 

V 

5 

26  40.43* 

3.7x4 

7-49 

483 

2497 

Puppis, 

n» 

41 

27  58.35 

2.540 

xx3     9     3.9 

7.61 

484 

25oo 

E*^PP*®',       . 

g 

5 

28    X8.20 

2.475 

1x5  47  33.7 

7.72 

485 

2522 

xo  Canis  Minons, 

a 

X 

3i  26.78* 

3.145 

84  23  39.7* 

8.77 

486 

a53o 

Puppis, 

k' 

41 

3a  4o.o5 
3a  4i.ix 

a.46o 

1x6  27  48.3 

7.85 

487 

253x 

Puppis, 

k* 

5 

a. 459 

1x6  37  52.8 

7-77 

488 

2540 

75  Geminorum, 

a 

5 

33  55.80 

3.764 

60  45  3o.8 

8.23 

489 

2542 

26  Monocerotis, 

y 

41 

34  4.89 

35  a3.i5* 

a.  868 

99  12  X7.5 
65  x4  49.5* 

8.02 

490 

255x 

77  Geminorum, 

K 

4 

3.634 

8.16 

491 

2555 

78  Geminorum, 

P  . 

2 

36     7.80* 

3.682 

61  36  59.0* 
X18  35  55.2* 

8.a3 

492 

2562 

3  Puppis, 

5 

37  47 •a7* 

a.  409 

8.37 

493 

2570 

Puppis, 

w 

41 

38  35.45 

a.  039 

x3o  34  x3.5 

8.68 

494 

258o 

Puppis, 

e 

5 

39  54.63 

a.x3a 

127  36  23.7 

8.4o 

495 

2590 

Camelopardi, 

51 

4o  56. 7x 

9.8x9 

xo     7  a4.3 

8.65 

496 

2594 

Puppb, 

0 

5 

4i    5x.22 

2.5o3 

1x5  34    5  7 

8.69 

497 

2602 

Arffis, 
Volantis, 

k 

31 

42  59.28* 

43  38.25 

+a.527 

1x4  ao  ia.5* 
162  x5    8.4 

8.70 

498 

2607 

C 

5 

— 0.669 

0.71 
8.85 

499 

2617 

83  Geminonim, 

^ 

5 

44  18. 6x* 

+3.688 

62  5x     3.6* 

5oo 

2620 

Puppis, 

P 

41 

7  44  40.X9 

+  1.826 

i35  59  53.8 

+  8.90 
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No. 

45i 
452 
453 

454 
455 

Logarithms  of 

Logarithms  of                             | 

a 

b 

e 

d 

a' 

6' 

c' 

it 

—8.2998 
8.5558 
8.3751 
8.2656 
8.2873 

+8.8546 
9.1071 
8.9189 
8.8066 
8.8244 

+0.3870 
0.7235 
o.3o4i 
0-4864 
0.5377 

+7.9440 
— 8.4929 

+8.1779 
+5.9040 

—7.7383 

—9.9107 
+9.7890 
-9.9758 
—9.64x7 
— 9.X614 

— 9.0732 
+9.3693 
—9.2419 
— 7.080X 
+8.8963 

+0.73XX 
0.7345 
o.74x3 
0.7439 
0.7475 

+9.9838 
9.9835 
9.9829 
9.9827 
9.9824 

456 

457 
458 
459 
46o 

8.4738 
8.4028 
8.4io5 

8.3374 
8.4539 

8.9945 
8.9233 
8.0379 
8.85ii 
8.9666 

0.66x0 
0.3983 
o.6aao 
o.388a 
o.a363 

—8.3563 
+8.2i3x 
—8.2387 
+7.9808 
+8.3x45 

+9.6533 
—9.9775 
+9.48x3 
—9.9087 
— 9.9966 

+9-3429 
—9.27x9 
+9.28x6 
— 9.1x02 
—9.3283 

0.7626 
0.7638 
0.7657 
0.7690 
0.7699 

9.98XX 
9.9810  J 
9.9808 
9.9805 
9 . 9804 

46 1 
462 
463 

464 
465 

8.4444 
8.3178 

8.7734 
8.553a 
8.3426 

8 . 9540 
8.8aa6 
9.2746 
9.o5o5 
8.8363 

0.2545 
+0.5386 
— 9.6829 
+0.6927 

0.5553 

+8.3933 
—7.7790 

+8.7471 
—8.4695 
— 7.9309 

-9.993X 
— 9.X443 
—0.0x88 
+9.7338 
—8.6x28 

—9.3194 
+8.936X 
— 9.45x9 
+9.398X 
+9.0634 

0.7727 
0.7772 

0.7804 
0.7840 
0.7873 

9.9802 
9.9797 
9.9794 
9.979X 
9.9787 

466 
467 
468 
469 
470 

8.4097 
8.4119 
8.3584 
8.43i3 
8.4459 

8.8989 
8.9000 

8.8434 
8.9103 
8.9230 

0.3260 
o.6o53 
0.3956 
o.3io8 
0.6203 

+8.X875 
— 8.1917 
+7.9793 
+8.2296 
—8.2624 

—9.9626 
+9.355x 
—9.8983 
—9.9704 
+9-4685 

—9 .  2669 
+9.2699 
—9.1x36 
— 9.2966 
+9-3x66 

0.79x3 
0.7923 
0.795X 
o.8oo5 
0.8023 

9.9783 
9.9782 
9.9779 
9.9773 
9.9771 

471 
472 
473 
474 
475 

8.773a 
8.393a 
8.7619 
8.4o65 
8.3577 

9.2411 
8.8537 
9.2195 

8.8564 
8.8025 

0.8012 

+0.5734 

— 7.6812 

+0.3751 

o.5i33 

—8.7427 
— 8.066 X 
+8.7281 
+8.0023 
—7.53x8 

+9.8604 
+8.7938 
—0.0x63 
—9.9225 
— 9.4603 

+9.4778 
+9.X878 
—9.4837 

— 0.2X0X 

+5.7030 

o.8xo5 
0.8X7X 
0.8x97 
0.8266 
o.83ix 

9.9762 

9.9754 

9-9751 
9.9743 

9.9737 

476' 

477 
478 

479 
480 

8.4371 

8.4424 
8.5i65 

8.4479 
8.4558 

8.8692 
8.862a 
8.9396 
8.8588 
8.8659 

0.5864 
0.3646 
0.2805 
0.3677 
0.586X 

—8.1522 

+8.i56x 
+8.35o3 
+8.X553 
—8.x  826 

+9.XX99 
— 9.9319 
—9.9794 
— 9.9287 
+9.X126 

+9.2564 
—9.2646 
— 9.3905 
—9.2660 
+9.286X 

0.8334 
0.853X 
0.8589 
0 . 8609 
0.8616 

9.9734 
9.9707 
9 . 9698 
9.9695 
9.9694 

48 1 
48a 
483 

484 
485 

8.4009 
8.442a 
8.4338 
8.4445 
8.4i54 

r 
8.8108 

8.8431 
8.8376 

8.8364 
8 . 7905 

0.5355 
0.5694 
0.4049 
o;393o 
0 . 5o4o 

—7.8450 
— 8.X026 
+8.0284 
+8.o83x 
— 7.4o52 

— 9.X976 

+8.5944 
—9.8829 
-9.8998 
—9.5339 

+9.oo36 
+9.2277 
—9.x  680 
—9.2x36 
+8.5792 

0.8617 
0.8695 
0.8757 
0.8772 
0.89x6 

9.9694 
9.9683 
9.9673 
9.9669 
9.9645 

486 

487 
488 
489 
490 

8.4669 
8.4669 
8.4835 
8.4306 
8.4725 

8.8355 
8.8355 
8.8456 
8.7919 
8.8270 

0.3907 
0.3907 

0.5749 
0.4582 

o.56o4 

+8.1x59 
+8.1x59 
—8.x  724 
+7.6346 

— 8.0944 

— 9.902 X 
— 0.9021 
+8.8407 
-9.7597 
—8.0453 

—9.2439 
— 9.2439 
+0.2893 
— 8.8o5x 
+9.2286 

0.8971 
0.8972 
0.9026 
0.9033 
0.9089 

9.9635 
9.9635 
9.9635 
9.9623 
9.96x3 

491 
492 
493 
494 
495 

8.4894 
8.4973 
8.5635 
8.55o6 
9.3087 

8.84o2 
8.8396 
8.90x8 
8.8824 
9.5354 

0  57x8 
o.38i5 
0.3075 
0.3298 
0.9932 

-8.x  665 

+8.1773 
+8.3767 
+8.336I 
—9.20x9 

+8.7x93 
— 9.9X2X 
—9.9641 
—9.9528 
+9.9x07 

+9.2869 
— 9 . 2969 

—9.4334 
— 9.411X 
+9.6230 

0.9X2X 
0.9x91 

0.9224 
0.9278 
0.9320 

9.9606 
9.9593 
9.9585 
9,9574 
9.9564 

496 

497 
498 

499 
5oo 

8.5o2i 
8 . 5027 
8.9803 
8.5177 
—8.6266 

8.8243 
8.8194 
0.2939 
8.8280 
+8.9352 

0  3967 
+0.4018 
—9.8368 
+0.5666 
+0.2620 

+8.X37X 

+8.X203  . 

+8.9591 
—8.1769 
+8.4835 

—9.8928 
—9.8855 
— 9.9952 
+8.3766 
—9.9764 

—9.2685 

—9.2554 
—9.6x93 
+9.3023 
— 9.5ox4 

0.9356 
0.940X 
0.9427 
0.9453 
+0.9467 

9.9556 
9.9546 
9 . 9540 

9.9534 
+9.9530 
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No. 

B.A.C. 

t  CoDMdlttioB. 

Mag. 

Rlclit  AaoeiMlon. 
Jan.  1,  1890: 

AnBval 
Variation. 

Noitli  Polar  Dlst., 
Jan.  1, 1890. 

Annml 
YarialloiL 

5oi 

2622 

9  Pappis, 

5 

h,  m.       9. 

7  44  49.57 

+2.780 

Of               *» 

io3  3o  10.8 

+     0.19 
8.91 

5o2 

2629 

Pappis, 

5 

46  4o.65 

2.263 

124  19  58 .o 

5o3 

2634 

PuppiB, 

a 

5 

47    3-67 

a.o63 

i3o  IX  3a. a 

9.12 

5o4 

2635 

PuppiB, 
yelonmiy. 

h 

5 

47  20.41 

2.X32 

ia8  a8  38.4 

9.12 

5o5 

2642 

5 

48  49.76 

X.678 

139  i3  3i.a 

9.35 

5o6 

2644 

Puppis, 

R 

4 

48  53.31 

1.737 

137  4a  45.1 

8.86 

5o7 

2665 

Argia, 

X 

4 

52  57.65 

1.5x8 

i4a  34  54.4 

9.50 

5o8 

2666 

PuppiB, 
Veloruin, 

5 

53    8.56 

2.688 

107  59  a5.7 

9.5o 

5o9 

2670 

5 

53  56. 7X 

X.755 

i38  5o  ao.a 

9.48 

5x0 

2673 

Cauis  MinoriB, 

5 

54  27.69 

3.X29 

87  x5  25.9 

9.49 

5ii 

2697 

37  LynciB, 

5 

57    9.06* 

4.556 

38    4    0.2* 

9.82 

5X2 

2707 

55  Camelopardi, 

5 

57  49. IX* 

58  18.98 

6.096 

2x     5  3x.o* 

9.86 

5x3 

27x0 

ArgftB, 

C 

8i 

2.1X4 

129  35    0.9 

9.96 

5x4 

87x4 

10  Cancri, 

A«* 

5 

58  55.89 

3.545 

67  59    7.9 

9-97 

5x5 

J5x6 

2728 

ArgftB, 

P 

3i 

8     I     9.4a* 

2.558 

xi3  52  3o.3* 

10.  o4 

2730 

x4  Cancri, 

r 

4 

I  84.66 

3.63o 

64    a  28.9 

10.47 

5x7 

2736 

x6  PuppiB, 
Veloruin, 

5 

2  19. 91 

2.682 

108  48  30.7 

10.17 

5x8 

2754 

5 

4  52. 10 

X.849 

x36  54  17. I 

10.39 

5x9 

2755 

ArgilB, 

y 

a 

4  54.50 

x.84o 

x36  53  47.9 

10.46 

520 

2769 

20  PuppiB, 

5 

6  26. 4x 

2.761 

io5  ao  a4.a 

10.54 

52  X 

2773 

VolantiB, 

e 

5 

7  25.99 

o.25x 

x58  10  37.9 

10.62 

522 

8774 

PuppiB, 

r 

5 

7  5o.o6 

2.268 

xa5  a6  53.5* 

10.71 

523 

2776 

3o  LynciB, 

5 

8  17. x5* 

4.907 

3x  47  4a. 5* 

10.63 

524 

2778 

X7  Cancri, 

0 

4 

8  22.72 

3.263 

80  ax  22.2 

10.72 

525 

2792 

LynciB, 

5 

12  25.34* 

4*592 

36  18    8.6* 

X0.99 

526 

2793 

3x  Lyncis, 

5 

X2    32.94* 

4.i4x 

46  ao    8.2* 

11.06 

527 

2795 

PuppiB, 

q 

5 

12    56.69 

2.244 

126  II  5x.i* 

10.99 

528 

2802 

PuppiB, 

w 

5 

x5  29.23 
17  45.46* 

2.377 

122  34  5o.i 

XX.  26 

529 

28x9 

X  Ursa  MajoriB, 

0 

4 

5.066 

28  47  10.8* 

XX. 46 

53o 

2823 

Veloruin, 

B 

5 

17  55.20 

X.838 

x38    0  4o.5 

XX. 3o 

53x 

2832 

ArgAs, 

e 

2 

19  25.89 

X.241 

x49     X  4o.3 

11.35 

532 

2842 

2  Urse  MajoriB, 

A 

5 

21     6.20 

+5.476 

24  ao  59.0 

IX. 66 

533 

2849 

ChamaeleontiB, 

a 

4^ 

22  18.70 

— x.4a6 

166  a6  38.7 

11.59 

IX. 80 

534 

2856 

Volantis, 

V 

5 

23    22«6o 

—0.480 

i6a  54  53.2 

535 

2863 

VolantiB, 

P 

5 

24    5.4i 

+o.66a 

x55  38  i3.6 

12. 00 

536 

2870 

ChamsleontiB, 

e 

5 

25    2.81 

—1. 66a 

x66  59  53.1 

IX. 81 

537 

2884 

4  UrBtt  MajoriB, 

IT 

5 

27    2.92* 

+5.358 

25     9  x5.6* 

XX. 99 

538 

290  X 

4  Hydne, 

d 

4 

29  4a. 64* 

3.x84 

83  46  36.1* 

12.17 

539 

29XX 

5  Hydr», 

a 

5 

3o  55.07 

3.X47 

86    8     6.9 

12.99 
12.35 

540 

2926 

Veloruin, 

€ 

5 

32  22.28 

a.xo7 

x32  27  57.7 

54i 

2935 

Mali, 

h 

5 

34  x4.i3* 

2.363 

124  46  5o.2* 

12.60 

542 

2937 

43  Cancri, 

y 

4i 

34  35.91* 

3.488 

67  59  44.7* 

12. So 

543 

2945 

7  Hydr», 

V 

5 

35  23.02 

3.143 

86     3  58.x 

12.  S9 

544 

2947 

Velomm, 

b 

5 

35  39.07 

X.989 

x36     7     3.3 

12.67 

545 

2950 

AxgiU, 

0 

4 

35  59.80 

1.7x7 

i4a  a3  29.8 

ia.69 

546 

2953 

47  Cancri, 

6 

4i 

36     0.26* 

3.4a5 

7X  17  53. o* 

12.87 

547 

2962 

Carinas, 

d 

5 

37  18.24 

X.344 

;49  i3  35.1 

12.55 

548 

2964 

Mali, 

a 

4i 

37  34.x 3* 

2.410 

122  38  55.4* 

12.64 

549 

2965 

48  Cancri, 

t 

5 

37  36.76 

3.654 

60  4i  44*o 

12. 80 

55o 

297X 

XI  Hydr», 

e 

4 

8  38  49.78* 

+3.189 

83    B    3.5* 

+ia.84 
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No. 
5ox 

Loguitlunfl  of 

Logailtliins  of                             | 

a 

b 

e 

1        d 

a' 

y    1 

e' 

df 

—8.48" 

+6 .  7890 

+0.4444+7-8494 

—9.8004 

-9< 

.0x33 

+0.9473 

+9.9529 

5o2 

8.5591 

8.8582 

o.353x 

+8.3xo4 

-9" 

.9357 

-9" 

.4o34 

0.9543 

9.9512 

5o3 

8.5o44 
8.5848 

8.89x7 

o.3x43 

+8.4042 

-9- 

,9579 

-9- 

.4683 

0.9558 

9.9508 

5o4 

8.8807 

0.3268 

+8.3787 

-9- 

95x8 

-9- 

.4485 

0.9568 

9.9505 

5o5 

8.6691 

8.9580 

0.2284 

+8.5483 

-9' 

9809 

-9- 

.5394 

0.9628 

9.9491 

5o6 

8.6563 

8.9450 

0.2464 

+8.5254 

— 9- 

9776 

-9' 

5294 

0.9626 

9.9490 

5o7 

8.7153 

8.9852 

o.i85o 

+8.6x52 

— 9- 

9888 

-9' 

5750 

0.9772 

9.9450 

5o8 

8.52i3 

8 . 7905 

0.4295 

+8.01XX 

— 9- 

.8355 

— 9- 

1 654 

0.9779 

9.9448 

509 

8.6840 

8.9495 

o.'237x 

+8.56o8 

—9' 

.9765 

-9' 

5552 

0.9807 

9.9440 

5io 

8.5o47 

8.7678 

0.4951 

—7.1846 

— 9" 

5927 

+8. 

36o2 

0.9825 

9.9434 

5ii 

8.7234 

8.9745 

0.6589 

—8.6x95 

+9. 

6228 

+9< 

.5856 

0.9917 

9.9406 

5l2 

8.9595 

9.2077 

0.7846 

— 8 . 9294 

+9. 

8x70 

+9" 

.66x6 

0.9989 

9.9899 

5i3 

8.63o4 

8.8764 

o.324x 

+8.4347 

-9' 

9487 
88M 

-9- 

■4977 

0.9956 

9.9894 

5i4 

8.5522 

8.7955 

0 . 5490 

— 8.X26X 

-8, 

+9" 

.2698 

*  0-9977 

9,9887 

5i5 

8.5655 

8.7990 

0.4082 

+8.X727 

r-9' 

8729 

— 9- 

3099 

I . oo5o 

9.9868 

5i6 

8.5737 

8.8o6x 

o.56o2 

— 8.2x49 

—8. 

0969 
8378 

+9< 

.3448 

I . oo58 

9.9860 

5i7 

8.5543 

8.7827 

0.4279 

+8.0627 

— 9' 

—9 

.2i5o 

1.0088 

9.9850 

5i8 

8.7039 

8.9214 

0.2668 

+8.5674 

— 9- 

9643 

—9 

.5780 

1.0x68 

9.9821 

5i9 

8 . 7o4o 

8.92x3 

0.2669 

+8.5674 

— 9' 

9642 

—9 

.5781 

1.0x69 

9.9820 

520 

8.5591 

8.7699 

0.4406 

+7.98x6 

9" 

8088 

-9< 

.x4x9 

1.02x7 

9.9803 

521 

8 . 9762 

9.1828 

9.3705 

+8.9439 

— 9' 

9776 

--9- 

,6902 

I . 0247 

9.9291 

522 

8.6367 

8.84x6 

0.3547 

+8.400X 

—9' 

9272 

—9 

.4871 

1.0259 

9.9286 

523 

8.8273 

9.o3o3 

0.6900 

— 8.7567 

+9- 

69x6 

+9- 

.6545 

1.0278 

9.928X 

524 

8.5555 

8.7581 

0.5x36 

—7.7795 

— 9' 

4562 

+8. 

.9494 
.6436 

1.0276 

9.9280 

525 

8.7889 

8.9746 

0.6623 

—8.6952 

+9- 

6214 

+9' 

1.0396 

9.9281 

526 

8.7023 

8.8875 

0.6x69 

—8.54x4 

+9. 

.42x9 

+9 

.5768 

1.0899 

9.9229 

527 

8.6559 

8.8395 

0.3526 

+8.4272 

— 9' 

.9265 

—9 

.5xox 

i.o4xx 

9.9224 

528 

8.6444 

8.8175 

0.373X 

+8.8756 

—9" 

.9100 

—9 

.4773 

i.o483 

9.9x92 

529 

8.8938 

9.0576 

0.7057 

—8.8865 

+9' 

,7x08 

+9 

.6952 

X.0547 

9.9x68 

53o 

8.7514 

8.9x46 

0.2663 

+8.6226 

-9' 

9557 

—9 

.6241 

x.o55x 

9.9x61 

53i 

8.8695 

9.0265 

0.0944 

+8.8027 

-9- 

.9670 

—9 

.6902 

1.0598 

9.9141 

532 

8.9703 

9.1206 

+0.7890 
— 0.1 582 

—8.9298 

+9- 

.7520 

+9 

.7211 

1.0638 

9.9x19 

533 

9.2188 

9.3642 

+9.2065 

—9" 

.9506 

—9 

.7525 

1.0670 

9.9x08 

534 

9.1235 

9.2647 

—9.6586 

+9.X089 

-9- 

.9554 

—9 

.7480 

1.0698 

9 . 9088 

535 

8.9779 

9. 1x63 

+9.8342 

+8.9874 

— 9- 

.96x8 

-9 

.7290 

1.0717 

9.9078 

536 

9.2437 

9.3783 

— 0.2087 

+9.2824 

— 9- 

.946X 

—9' 

.7607 

1.0742 

9 . 9065 

537 

8.9725 

9 . 0992 

+0.7285 

—8.9293 
-7.6453 

+9- 

7880 

+9 

.7888 

X.0798 

9.9087 

538 

8.6102 

8.7264 

o.5o38 

— 9- 

.5882 

+8 

.8188 

1.0860 

9.8999 

539 

8.6x16 

8.7280 

0.4972 

-7.4408 

—9' 

►  5794 

+8 

.6x54 

X.0889 
1.0925 

9.898X 

540 

8.7463 

8.8520 

0.8288 

+8.5757 

--9' 

.9302 

-9 

.6x96 

9 . 8960 

54i 

8.7041 

8.8026 

0.370X 

+8.4608 

-9' 

.9045 

—9" 

.5509 

I . 0969 

9.8982 

542 

8.6523 

8 . 7494 

0.5432 

—8.2260 

— 9- 

.0402 

+9" 

.8692 

1.0978 

9.8926 

543 

8.6224 

8.7x64 

0.4972 

—7.4587 

—9" 

.5792 

.9358 

+8. 

.6838 

X . 0996 

9.89x5 

544 

8.7811 

8.8741 

0.2986 

+8.6889 

9- 

— 9- 

.6558 

X.1008 

9.89x0 

545 

8.8373 

8.9289 

0.2860 

+8.786X 

—9" 

.9447 

-9- 

.6977 

I.XOXI 

9 . 8905 

546 

8.6467 

8.7377 

0.5343 

—8.1527 

-9 

.2093 

+9- 

.3o53 

x.iox5 

9.8903 

547 

8.9169 

9.0034 

O.X25x 

+8.85o9 

—9' 

►9477 

— 9- 

.7860 

I . xo4x 

9.8885 

548 

8.70x1 

8.7867 

0.88x8 

+8.483X 

—9 

.8934 

— 9- 

.5345 

X.X047 

9.888X 

549 

8.6860 

8.77x4 

0.5624 

-8.8757 

-6 

.8010 

+9- 

.4928 

i.xo48 

0.8880 

55o 

—8.6325 

+8.7x82 

+o.5o47 

—7.7x68 

-9 

.5283 

+8. 

8892 

+  X.1076 

+9.886X 
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No. 
55i 

B.A.C. 

ConstciUtioa. 

Mas. 

Right  AaeeBsion, 
Jan.  1, 1850. 

Annual 
VarlaaoQ. 

North  Polar  Dlat., 
Jan.  1,  18flO. 

Annual 
VariakkNi. 

2978 

1 3  Hydre, 

P 

5 

8  4o  29.11 

+3.186 

0      '       ** 
83  36  39.5 

+  12.95 

552 

2979 

Velomm, 

d 

3 

4o  33.66 

1.652 

i44     9  38.6 

x3.o6 

553 

2981 

a 

5- 

4o  56.75 

2.o34 

i35  29  43.6 

12.99 

554 

2998 

Carine, 

f 

5 

42  49.03 

+1.562 

x46  i3     9.1 
i6d  24  53.5 

12.83 

555 

3o23 

Chameleontis, 

n 

5 

46  17.84 

— 1.8x6 

12.82 

556 

3o32 

16  Hydre, 

C 

4 

47  27.90 

+3.184 

83  29  IX. 2 

i3.38 

557 

3o48 

9  Urse  Majoris, 
8  Urse  Majoris, 

I 

3i 

48  54.53* 

4.125 

4i  22  24.4* 

13.76 

:558 
f559 

3o49 

p 

5 

48  56. 3o 

5.553 

21  47  »9-9 
77  33  53.8* 

13.49 

3o55 

65  Cancri, 

a 

4 

5o  16. 71* 

3.293 

i3.6o 

56o 

3o59 

Lyocis, 

4 

5o  53.07* 

3.931 

47  37  37.7* 

13.89 

56x 

3073 

Cariiiae, 

b' 

4 

53  18. ox 

1.458 

x48  3*9    4.8 

13.63 

562 

3075 

X2  Urs«  Majoris, 

K 

4 

53  21. 54* 

4.x4o 

42  i5  i5.6* 

13.88 

563 

3087 

1 1  Urse  Majoris, 

ff» 

5 

55    9.18* 

5.399 

22  3i  48.0* 

13.92 

564 

3089 

Carinae, 

3*. 

4 

55  43.11 

1.461 

i48  3o  37.5 

i3.4o 

565 

3097 

Lyncis, 

5 

56  58.42* 

3.855 

5o  57     7.0* 

i4.o5 

566 

3099 

1 3  Urse  Majoris, 

a* 

5 

57    7.36* 

5.407 

22  i5  44.0* 

i4.ii 

567 

3io6 

x5  Urse  Majoris,  / 

5 

58  i5.49 

4.287 

37  47  37.9 

l4.I2 

568 

3xo8 

1 4  Ursae  Majoris, 

T 

5 

58  29.38 

5.o44 

25  52  52.7 

14.18 

569 

3iio 

Velonim, 

C 

5 

58  59.47 

2.084 

i36  3o  IX. 6 

i4.ao 

570 

3x11 

76  Cancri, 

K 

5 

59  37.12* 

3.262 

78  43  52.8* 

x4.i3 

57, 

3ix4 

Volantis, 

a 

41 

9    0    4.02 

0.962 
4.844 

i55  47  54.3 

i4.3i 

572 

3x25 

16  Urse  Majoris, 

c 

5 

2  26.16* 

27  57  5x.o* 

14.39 

573 

3x26 

ArgAs, 

X 

3 

2  29.05 

2.202 

I 32  49  45.7 

i4.4i 

574 

3x36 

Oariiie, 

G 

5 

4  43.28 

0.200 

X62     0    6.6 

14.99 

575 

3i4o 

18  Urse  Majoris, 

e 

5* 

5  21.45* 

4.382 

35  21  46.7* 

14.49 

576 

3x46 

22  Hydre, 

e 

4i 

6  33.53 

3.x3i 

87     3  19. 9 
x48  2X   19. 5 

14.90 

577 

3x49 

Carine, 

a 

5 

7     1-17 

1.562 

14.97 

578 

3x52 

Carine, 

• 

f 

5 

7    52.21 

1.354 

i5i  42     9.9 

14.63 

579 

3x62 

38  Lyncis, 
Veloruxn, 

4 

9  29. 8x 

3.763 

52  33  55.6 

14.80 

58o 

3x63 

/ 

5 

9  42.55 

2.371 

127  56  44.4 

14.57 

58i 

3x77 

Argiis, 

P 

I 

XX  32.18 

0.690 

i59    6     0.6 

14.79 

582 

3x78 

4o  Lyncis, 

a 

4 

IX  54.29 

3.682 

54  58  37.2 

14.92 

583 

3x86 

ArgdB, 
Velorum, 

I 

2 

i3    4.63 

x.602 

x48  38  49.6 

14.90 

584 

3x87 

K 

5 

i3    6.71 

2.006 

X40    25    23.2 

x5.o3 

585 

3195 

MaU, 

A 

5 

x4  5i.55 

2.663 

1x5   19  45.6* 

14.96 

586 

3x99 

Draconis, 

5 

x5  i5.42* 

9.258 

8     I     6.5* 

i5.i3 

587 

32o4 

X  Leonis, 

K 

5 

x5  54.60 

3.5x4 

63  10  28.2 

i5.i6 

588 

32x3 

ArgAs, 

K 

3 

17  28.39 

i.85i 

i44  22  20.2 

15.29 

589 

3221 

23  Urse  Majoris, 

h 

4 

19  38.53* 

4.833 

26  17  12.0* 

i5.3o 

590 

3223 

3o  Hydre, 

a 

2 

20  12.94* 

2.95X 

98    0  4o.2* 

i5.35 

591 

3226 

Hydre, 

5 

20  20.77 

2.989 

95  25     7.7 

15.38 

592 

3232 

24  Urse  Majoris, 

d 

5 

21     7.77* 

5.482 

19  3o  54.9* 

i5.4i 

593 

3242 

25  Urse  Majoris, 

e 

3 

22  47.56* 

4.049 

37  38  33.1* 

16.12 

594 

3246 

4  Leonis, 

X 

Ak 

23    9,26* 

3.441 

66  22  24.9* 

i5.58 

595 

3249 

Carine, 

n 

5 

23  29.x 2 

1.3x8 

i54  16  5x.9 

i5.58 

596 

325o 

5  Leonis, 

^ 

5 

23  5x.37* 

3.245 

78     2  19.3* 

i5.64 

597 

3257 

ArgAs, 

i' 

4 

24  48. x5 

2.367 

129  48  43.9 

x5.54 

598 

326  x 

10  Leonis  Minoris 

y 

5 

25     1.27 

3.707 

52  56  20.7 

i5.64 

599 

3269 

YeloruiD, 

N 

5 

26  4o.23 

1.825 

i46  22  25.4 

i5.58 

600 

3289 

Carine, 

h 

5 

9  38     5.38 

+1.7x0 

x48  33  43.2 

+15.91 
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No. 

55i 
552 
553 
554 
555 

LogariUuMoT 

Logarithma  of 

a 

b 

e 

d 

of 

y 

c' 

d' 

—8.6358 
8.8657 
8 . 7884 
8.8932 
9.3430 

+8.7IOI 
8.9397 

8.8610 

8.9585 
9.3951 

+o.5o3i 

0.2189 

o.3o8o 

+0.1919 

—0.3573 

— 7.6822 
+8.7745 
+8.64i6 
+8.8129 
+9 -3341 

—9.5393 

—9.9414 
—9.9287 
— 9.9402 
—9.9x38 

+8.8556 
— 9.7182 
—9.6634 
—9-7341 
—9.8180 

+  1.XI14 
i.ii«6 

1. 1 134 
1.1166 
1.1341 

+9.8835 

9.8834 
9.8827 
9.8797 
9.8740 

556 
557 
558 
559 
56o 

8.65ii 
8.83i2 
9.0817 
8.6645 
8.7869 

8.6987 
8.8732 
9.1237 

8.7014 
8.82x5 

+o.5o3o 
0.6227 
0.7440 
0.5169 
0.5984 

—7.7059 
—8.7065 
— 9 . 0495 
—7.9976 
-8.6x55 

— 9.5400 
+9.4396 
+9.7313 

—9.4236 
+9.2418 

+8.8791 
+9.^027 
+9.7593 
+9.1634 
+9.^6ox 

I. 1366 
1.1297 
I. 1397 
I.I335 
I. 1337 

9.8730 

9.8695 
9.8695 
9.8671 
9.8661 

56i, 

56a 

563 

564 

565 

8.9441 
8.8328 
9 . 0806 
8 . 9472 
8.7774 

8.9695 
8 . 858o 
9 . 0990 

8.9634 
8 . 7888 

0.1685 
0.6x71 
0.7322 
0.1757 
0.5853 

+8.8756 
— 8.7021 
— 9 . 0462 
+8.8780 
—8.5767 

-9.9379 
+9.3918 
+9.6994 
—9.9347 
+9.o58i 

—9.7679 
+9.7059 
+9.8o56 
— 9.7730 
+9.6430 

I. I 386 
I.I388 
1.1423 
I . 1434 
I. 1459 

9.8618 
9.8617 
9-8585 
9.8575 
9..855X 

566 
567 
568 
569 
570 

9 . 0894 
8.8827 
9.o3o5 
8.8337 
8.6811 

9.1003 
8*8893 
9.0363 
8.8375 
8.6826 

0.7331 

0.6334 
0.7017 
o.3x6o 
o.5i3i 

— o.o558 
—8.7805 
—8.9846 
+8.6943 
—7.9721 

+9.6974 
+9.4729 
+9.6543 
—9.9106 
—9.4583 

+9.8103 
+9.7439 
+9.8007 
— 9 . 7083 
+9.1398 

1.1462 

I.I484 
1.1488 
I . 1498 
i.i5io 

9.8549 
9.8538 
9.8533 

9.85x4 
9.85o3 

571 

57a 
573 

574 
575 

9.0608 
9.0069 
8.8127 
9.1922 
8.9208 

9.0605 
8.9976 
8.8o33 
9.1743 
8 . 9005 

9.9857 
0.6842 
0.3433 
9.3448 
0.6406 

+0 .  0208 
—8.9530 
+8. 645 1 

+9-1704 
—8.8322 

— 9.9152 

+9-6174 
-9.8997 

— 9.8991 

+9.4939 

— 9.8097 
+9.8001 
—9.6865 
—9.8365 
+9.7708 

I.i5i8 
1.1563 
I.I564 
i.i6o5 
I. 1616 

9,8494 
9.8448 

9-8447 
9 . 84o4 
9.8391 

576 
577 
578 
579 
58o 

8.6860 

8.9664 
9.0120 
8.7908 
8.7942 

8.6612 
8.9398 
8.9821 
8.7548 
8.7573 

0.4939 
0.1998 
0.1386 
0.5756 
0.3739 

—7.3967 
+8.8q65 
+8.9567 
—8.5746 
+8.5830 

— 9 . 6000 
— 9 . 9090 
— 9.9067 
+8.8361 
—9.8798 

+8.5723 
— 9.7925 
—9.8086 
+9.65o6 
— 9.6559 

1.1638 
X.1646 
1.1661 
1.1690 
I. 1693 

9.8367 
9.8358 
9.8341 
9.8307 
9.83o3 

58i 
582 
583 

584 

585 

9.1419 
8.7816 
8.9806 
8.8927 
8.7437 

9.0981 
8.7364 
8 . 9309 
8.8429 
8.6872 

9.8588 
o.568o 
0.3068 
0.2998 
0.4238 

+9.1123 
—8.5404 
+8.9120 
+8.7796 
+8.3750 

—9.8938 

+8.4594 
— 9.9000 

—9.8974 
— 9.8390 

— 9.8407 
+9.6298 

—9.8044 

9.7599 

— 9.5071 

1.1735 
I. 1731 
1.1751 
1.1753 
1.1781 

9.8265 
9.8257 
9.8232 
9.8232 
9.8194 

586 
587 
588 
589 
590 

9.5559 
8.7510 
8.9388 
9.0613 
8.7128 

9.4979 
8 . 6905 

8.8723 

8.9865 

8.6358 

0.9695 
0.5459 
0.2685 
0.6825 
0.4698 

— 9.5517 

— 8.4o54 
+8.8488 
—9.0x39 
+7.8569 

+9.7730 
— 0.9595 
—9.8033 
+9.5857 
—9.7153 

+9.8723 
+9.5321 
— 9*7902 
+9.8363 
— 9.0287 

1.1788 
1.1799 

1.1834 
I. 1859 
I. 1868 

9.8186 
9.8171 
9.8137 
9 . 8089 
9.8076 

591 
592 
593 

594 
595 

8.7107 
9.1861 
8.9267 
8.75x1 
9.0762 

8.6331 
9.io56 
8.8397 
8.6626 
8.9865 

0.4756 
0.7389 
0.6200 
0.5366 
0.1202 

+7.6858 

— 9.X604 
—8.8253 
—8 .  3540 
+9.0309 

— 9.6935 
+9.6602 
+9.3740 
— 9.1590 
—9.8790 

—8.8599 
+9.8604 
+9.7873 
+9.4921 
-9.8444 

I. 1870 
1.1883 
1.1909 

I. 1914 
1.1919 

9.8073 
9»8o55 
9.8017 
9.8008 
9.8001 

596 
597 
598 
599 
600 

8.7337 
8.83o2 
8.8i4o 
8.9751 
— 9.0062 

8.6326 
8.7355 

8.7184 

8,8731 

+8.8908 

o.5ix8 
0.3752 
0.5685 
0.2610 
+o.24o5 

— 8.o4o3 
+8.6366 
— 8 . 5940 
+8.8956 
+8.9372 

—9.4684 
— 9.8660 
+8 .  4900 
—9.8789 
-9.8724 

+9.2068 
—9,6981 
+9.6721 
— 9.8i5o 
—9.8307 

I. 1925 
1.1940 
1.1943 
1.1968 
+  1.2018 

9.7992 
9.7970 
9.7965 
9.7926 
+9.7842 
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No. 

60 1 

B.A.C. 

Constellation. 

Mtg. 

Riclit  Ateenslon, 
Jan.  1, 1850. 

Annual 
Variation. 

North  Polar  Dist., 
Jan.  1. 1650. 

Annual 
Variation, 

33oo 

Yeloram, 

M 

4 

k,  m.        9. 
9  3i  37.89 

9, 
+3.157 

0      /         t* 

i38  4i     4.3 

+i6.t>8 

602 

33o3 

35  Hydne, 

I 

5 

32  11.75 

3.072 

90  27  52.9 

16. i4 

6o3 

33ii 

38  Hydre» 

K 

5 

33     7.26 

2.881 

io3  39  i3.o 

16.07 

6o4 

33i2 

1 4  Leonifl, 

0 

4 

33     8.53* 

3.228 

79  25  40.7* 

16. i3 

6o5 

33i5 

28  Unas  Majoris, 

5 

34  19.08* 

4.795 

25  39  37.8* 

16. i5 

606 

3320 

Carine, 

m 

5 

35  11.56 

i.65i 

i5o  39    2.7 

16.25 

607 

333i 

17  Leonis, 

e 

3 

37  19.69* 

3.435 

65  32  16.3* 

16.33 

608 

3346 

29  Urse  Majoris, 

V 

4 

4o  16.98* 

4.353 

3o  i5  33. o* 

16. 63 

609 

3353 

Carine, 

I 

5 

4i     7.5i 

1.637 

i5i  49    4.4 

16.57 

610 

3358 

3o  Ursae  Msjoria, 

^ 

5 

4i  5i.86* 

4.i5o 

35  i4  17.6* 

16.57 

611 

3365 

AlgtSy 

V 

3 

43  B1.18 

i.5o3 

i54  33  38.1 

16.58 

612 

3371 

24  Leonis, 

fi 

3 

44  i3.4i* 

3.438 

63  17  21.3* 

16.70 

6i3 

3372 

39  HydrflB, 

v" 

5 

44  i5.88 

3.885 

io4    8  4x.i 

16.66 

6i4 

34io 

ArgtiBy 

^ 

4 

5i  36.23 

3.092 

143  5i  19.0 
81  i4  18.4* 

16.95 

6i5 

34i5 

29  Leonis, 

«r 

Ah 

62  17.01* 

3.182 

i7.o5 

616 

3446 

21  Leonis  Minoria 

, 

5 

58  34.14* 

3.571 

54     I  35.1* 

17.81 

617 

3453 

3o  Leonis, 

V 

3i 

59    8.85* 

3.285 

72  3o  29.5* 

17.33 

618 

3457 

3 1  Leonis, 

A 

5 

59  56.27* 

3.194 

29  i!  f-5* 

17.4a 

619 

3458 

1 5  SextantiB, 

• 

5 

10    0  15.59. 

3.077 

89  38  26.0 

17.39 

620 

3459 

32  Leonis, 

a 

I 

0  22.74* 

3.206 

77  18     6.8* 

17.39 

621 

3473 

4i  Hydne, 

X 

4* 

3  16.75 

2.937 

loi  36  5i.8 

17.60 

622 

3495 

Urse  Minoris, 

5i 

6  58.81* 

10.207 

4  59  29.4* 
24     8  46.2* 

17.73 

623 

3496 

32  Urse  Majoris, 

5 

7    4.60 

4.468 

17.71 

624 

35o5 

33  Urse  Majoris, 

X 

3i 

8     1.86* 

3.659 

46  20  20.0* 

17.77 

625 

35o8 

• 

36  Leonis, 

^ 

4i 

8  20.43 

3.355 

65  5o  i3.6 

17.70 

626 

3509 

Velorum, 

q 

4 

8  27.11 

2.5i3 

i3i  22  52.7 

17.91 

627 

35i6 

ArgAs, 

u 

4 

10  10. II 

1.436 

159  17  38. 0 

17.77 

628 

3523 

4 1  Leonis, 

7 

2 

II  41.78* 

3.322 

69  24     7.0* 

18.01 

629 

3526 

Carine, 

q 

5 

12    4.94 

1.986 

i5o  35     2.2 

17.87 

63o 

3528 

Draconis, 

A 

5i 

12  i5.65 

8.i32 

6  4o  57.7* 

17.95 

63 1 
632 

353i 
3533 

Urse  Majoris, 
34  Urse  Majoris, 

^ 

5 
3 

i3  i5.3o 
i3  22.36* 

4.445 
3.6i5 

23  4o  38.4 
47  44  53.3* 

17.08 
17.69 

633 

3536 

Yelonim, 

V 

5 

i3  59.05 

2.239 

i44  16  39.4 

18.09 

634 

3546 

Velorwm, 

T 

5 

i5  20.25 

2.196 

i45  17  87.3 

18.34 

635 

3552 

Velorum, 

r 

5 

i5  54.07 

2.558 

i3o  53  5o.i 

x8.o8 

636 

356o 

So  Leonis  Minoris 

, 

4i 

17  18.33 

3.470 

55  26  3i.i 

18.18 

637 

3568 

43  Hydre, 

A* 

4 

18  5o.4o 

3.900 

106    4  19.4 

18. 35 

638 

3572 

3 1  Leonis  Minoris, /? 

4^ 

19  11.64* 

3.5o2 

52  3i   33.1 

18.26 

639 

3578 

Antlie, 

a 

4i 

20  17.69 

3.736 

120  18  23.4* 

18.24 

64o 

358o 

36  Urse  Majoris, 

5 

20  59.82* 

3. 911 

33  i5     8.1* 

18.19 

64 1 

3585 

Carine 

I 

A\ 

21  24.76 

1. 318 

i63  16     7.0 

18. 34 

642 

3586 

Carine, 

5 

21  41.59 
21  5o.35 

1.885 

i54  52  38.1 

18. 24 

643 

3589 

Velorum, 

P 

5 

3.337 

i46  52  24.0 

17.92 

644 

3594 

Carine, 

a 

5 

22    32.58 

3. 161 

i47  58  25.3 

18.33 

645 

3607 

Urse  Majoris, 

5 

24  37.94 

3.544 

48  48  x5.3 

18.34 

646 

3609 

47  Leonis, 

P 

4 

84  54.58* 

3. 171 

79  55  a4.o* 

*!-j9 

647 

36io 

34  Leonis  Minoris 

, 

5 

34  55.62 

3.459 

54  x4  35.5 

18.37 

648 

36i2 

37  Urse  Majoris, 

5 

25  27.85* 

3.939 

33    8  49.3* 

18.39 
18.38 

649 

3619 

Carine« 

P 

4 

26  43.13 

2. Ill 

i5o  54  53.4 

65o 

364o 

37  Leonis  Minoris 

4* 

10  3o  16.07 

+3.4o3 

57  i4  46.3 

+  18.54 
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No. 
60 1 

Logarithma  of                     ^ 

LogarlttaiiM  of                              | 

a 

1    h 

c 

d 

a' 

V 

c' 

df 

—8.9058+8.7850 

+0.3339 

+8.78x5 

—9.8698 

—9.7773 

+  I.3038 

+9.7808 

60a 

8.7366 

8.6029 

0.4863 

+6.6356 

—9.6424 

—7.8x17 

1 . 3o49 

9.7790 

6o3 

8 . 74o3 

8.6i3o 

0.4589 

+8.1x33 

—9 .  75o4 

— 9.2770 

1 . 3063 

9.7766 

6o4 

8.7353 

8.6079 

0.5078 

—7.9989 

— 9 . 5009 

+9.1675 

z . 3063 

9.7766 

6o5 

9 . 0930 

8.9610 

0.6742 

—9.0479 

+9.5406 

+9.8605 

1.3079 

9.7736 

606 

9 . o4o4 

8.9049 

0.33x7 

+8.9808 

—9.8618 

— 9.8472 

1.309X 

9.77x3 

607 

8.7745 

8.63o5 

0.5347 

—8.39x6 

—9.1864 

+9.5269 

1.2120 

9.7657 

608 

9.0353 

8.8794 

o.64x8 

—8.9717 

+9.4408 

+9.850I 

1.2160 

9.7578 

609 

9.0646 
8.9786 

8.905a 
8.8i63 

0.3173 

+9.0098. 

—9.8494 

— 9.860X 

1.2171 

9.7555 

610 

0.6x74 

— 0.8907 

+9.8276 

+9.8379 

1.3180 

9.7535 

61X 

9.1057 

8,9374 

0.1776 

+9.0608 

—9.8414 

—9.8738 

1 . 3390 

9.7494 

612 

8.7918 

8.6199 

0.5374 

-8.4445 

—9.1 358 

+9.57x6 

1.2211 

9.7460 
9.7468 

6i3 

8.7562 

8.5841 

0.4598 

+8.i44a 

—9 .  7460 

— 9.3070 

1.2211 

6i4 

8.981X 

8.7786 

0.3218 

+8.8883 

—9.8358 

—9.8351 

I.23o2 

9.7254 

6i5 

8.7578 

8.5524 

o.5oa4 

—7.9406 

— 9.54ao 

+9.11x5 

i.a3io 

9.7334 

6x6 

8.85i8 

8.6x94 

o.55x6 

—8.6307 

—8.7348 

+9.7049 

i.a382 

9.7036 

617 

8.78XX 

8.5463 

o.5i6a 

— 8.3590 

-9.4*93 

+9.4146 

1.3388 

9.70x7 

618 

8 . 7690 

8.5307 

0 . 5o48 

— 8.0390 

—9.5228 

+9.3075 

1.3397 

9.6993 

619 

8.7617 

8.5a3o 

0.4878 

—6.5593 

—9.6344 

+7.7353 

I . 34oo 

9.6981 

620 

8.7726 

8.53a4 

o.5o8o 

—8.1x47 

—9.4967 

+9.3800 

I . 8403 

9.6977 

6a  I 

8.7740 

8 . 5209 

0.4678 

+8.0779 

—9.7188 

— 9.3450 

1.3433 

9.6880 

6aa 

9.8292 

9.5598 

x.ox37 

— 9.8275 

+9.6375 

+9.9433 

I.247X 

9.6754 

6a3 

9.X571 

8.8870 

o.65i4 

— 9.X174 

+9.4o5o 
+8.0043 

+9.9052 

1.3473 

9.6749 

6a4 

8.9105 

8.6360 

0.5646 

—8.7496 

+9.785X 

1.3483 

.  9.67x5 

625 

8.8100 

8.5341 

0.5252 

—8.4221 

—9.3103 

+9.5584 

1.2485 

9.6704 

6a6 

8.8951 

8.6x87 

o.4oi3 

+8.7x53 

—9.8026 

—9.7666 

1.2486 

9 . 6700 

637 

9.2235 

8.9392 

o.x582 

+9-1945 

—9.7669 

-9.910X 
+9.4959 

i.25o3 

9.6638 

628 

8.8022 

8.5xo8 

o.5x84 

—8 .  3485 

— 9.391X 

1.25x8 

9.6583 

629 

9.0837 

8.7894 

0.2999 

+9.0227 

— 9.784X 

— 9 . 8900 

1.2522 

9.6567 

63o 

9.708X 

9.4x4o 

0.9158 

— 9.705X 

+9.6014 

+9.9472 

1.2524 

9.656x 

63i 

0.1712 
8.9058 

8.8725 

0.6474 

— 9.x33o 

+9.3748 

+9.9x29 

1.2533 

9 . 6534 

63a 

8.6o65 

0.5582 

—8.7334 

— 8.2900 

+9.7788 

1.2534 

9.65x9 

633 

9 . 0094 

8.7072 

o.35o4 

+8.9x89 

—9.7894 

—9.86x3 

X.2540 

9 . 6496 

634 

9.02x5 

8.7x29 

0.3462 

+8.9364 

— 9.7850 

— 9.8680 

1.2553 

9.6444 

635 

8 . 8990 

8.5877 

0.4087 

+8.7x5i 

-9.7891 

—9.7696 

1.2558 

9.64a3 

636 

8.863X 

8.5450 

o.54o3 

—8.6x69 

—9.0477 

+9.7086 

1.2571 

9.6367 

637 

8.7975 

8.4719 
8.5535 

0.4633 

+8.2397 

—9.7286 

—9.3985 

1.2585 

9.63o6 

638 

8.8809 

0 . 5449 

— 8.665o 

—8.9310 

+9.7408 

1.2588 

9.6293 

639 

8.8453 

8.5x25 

'  0.4370 
0.5930 

+8.5482 

—9.7689 

— 9.6605 

1.2598 

9.6248 

64o 

9.0430 

8.7068 

—8.9654 

+9.o5oo 

+9.8805 

1.2604 

9.6219 

64 1 

9.3232 

8.9849 

0 . 0849 

+9.3044 

-9.7x96 

—9.9397 
— 9.9156 

1.2607 

9.620a 

64a 

9.1547 

8.8x5o 

0.2752 

+9.XX16 

—9.7488 

I. 2610 

9.6190 

643 

9.0452 

8 . 7047 

0.3463 

+8.9682 

— 9.7672 

—9.88x9 

1.2611 

9.6184 

644 

9.0587 

8.7x55 

0.3399 

+8.9870 

-9.7637 

—9.8877 

1.2616 

9.6x63 

645 

8.9085 

8.5547 

0.5495 

— 8.7272 

—8.7767 

+9.7798 

1.2633 

9.6073 

646 

8.7922 

8.4361 

o.5oo6 

— 8.o35x 

— 9.5524 

+9.2044 

1.2637 

9.6054 

647 

8.876X 

8.5200 

0.5389 

—8  .'6428 

— 9.0671 

+9.7282 

1.2637 

9 . 6o54 

648 

9.0599 

8.70x0 

0.5937 

—8.9876 

+9.0354 

+9.8897 

1.264s 

9.6o3o 

649 

9.X00X 

8.7348 

0.3261 

+9.04x6 

—9.7459 

—9.9044 

1.2652 

9.5976 

65o 

—8.8649 

+8.4807 

+o.53x3 

—8  .-5982 

— 9 . 2000 

+9.699X 

+  1.2681 

+9.5816 
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No. 

65 1 

B.A.C. 

CofuuaiaUon. 

Mas. 

Rlcnt  ABcension, 
Jul.  1,  1850. 

Annual 
Variation. 

North  Polar  Dlst., 
Jan.  1,  1890. 

Annual 
Variation. 

3644 

Velormn,    .       p 

5 

10  3o  59.76 

+2.436 

0       *        *f 

137  26  48.3 

+  18. 38 

652 

3646 

Hydrae,              ^» 

5 

3i   16.67 

2.920 

X06     5  56.5 

x8.53 

653 

3647 

38  Ursae  Majoris, 

5 

3i  39.19 

4.2x4 

23  3o    o.x* 

x8.66 

654 

3652 

Ursfe  MajonB, 

5 

32  15.29* 

4.435 

20    8  28.7* 

x8.65 

655 

3655 

Carine,             t' 

5 

33     2.82 

2.244 

x48  24  12.3 

18.67 

656 

366o 

ChamaeleontU,  7 

5 

33  39.04 

0.732 

167  49  48.3 

x8.56 

657 

3685 

42  Leonis  Minoris, 

41 

37  30.86 

3.36x 

58  3x  42.0 

18.79 

658 

3686 

Argts,               6 

3 

37  37.19 

2.xx8 

x53  36  33.5 

18.76 

659 

3695 

ArgAs,               71 

2 

39  i5.44 

2.3o5 

x48  53  49.5 

18.73 

66o 

3702 

Argts,              fi 

3 

4o  19.80 

2.56o 

x38  37  4i.2 

18.92 

66i 

3715 

Hydne,              v 

4 

42  13.55 

2.954 

xo5  24  37.x 

18.74 

662 

3724 

Chamsleontis,  6* 

5 

44  19.32 

o.63i 

169  44  57.9 

18.97 

663 

3728 

46  Leonis  Minoris, 

41 

44  54.49 

3.379 

54  58  39.8* 

19.25 

664 

3729 

45  Ursae  Majoris,   u 

5 

45  19.44* 

3.491 

46     0  46.4* 

19.03 

665 

3740 

Carinae,             u 

5 

47  24.97 

2.396 

x48     3  26.9 

19. 09 

666 

3742 

54  Leonis, 

4i 

47  29.24 
52  28.25 

3.275 

64  27    4.4 

19.07 

667 

3766 

7  Crateris,            a» 

4 

2.919 

107  3o     X.8 

19.  o5 

668 

3767 

48  Ursae  Majoris,  /? 

2 

52  45. 4i* 

3.685 

32  48  53.6* 

19.17 

669 

3768 

58  Leonis,              d 

5 

52  48.71* 

3.X04 

85  34  42.3* 

19.25 

670 

3776 

60  Leonis,              h 

5 

54  19.05 

•    3.2x9 

69     0  56.9 

19. 20 

671 

3777 

5o  Ursae  Majoris,   a 

il 

54  25.72* 

3.784 

27  26  26.0* 

19. 33 

672 

3788 

63  Leonis,              x 

4i 

57  16.61* 

3.io3 

8x  5x   i5.6* 

19.39 

673 

3793 

Hydra,             j^ 

5 

58    6,98 

2.884 

X16  29     5.x 

19. 36 

674 

3794 

Hydrae,              71^ 

5 

58  41.71 

2.900 

1x6  28  40.7 

19.37 

675 

38i2 

52  Ursae  Majoris,  ^ 

31 

XI     I   12.67* 

3.4x1 

44  4i  19.6* 

19-49 

676 

38i5 

Hydrae, 

5 

I  29.16 

2.897 

XX7  x6     5.4 

19.43 

677 

3822 

Hydrae, 

5 

2  4o.85 

2.856 

I2X  33  16.3 

19. 55 

678 

3826 

IX  Crateris,            p 

4 

4  17-27 

2.947 

XX2     0  26.4 

19.57 

679 

3834 

68  Leonis,              d 

2i 

6     7.46* 

3.209 

68  39  19. 3* 

19.64 

680 

3838 

70  Leonis,              0 

3 

6  21.99 

3.x6x 

73  45     0.7 

19. 54 

681 

3842 

72  Leonis, 

5 

7  i3.i6 

3.207 

66     5  i5.4 

19.54 

682 

3848 

74  Leonis,              ^ 

5 

9    2.12* 

3.o53 

92  49  67.3* 
57  37  36.4 
56     5  x6.2 

19.61 

683 

385i 

53  Ursae  Majoris,  ^ 

4 

xo  10.46 

3.223 

20.  i5 

684 

3852 

54  Ursae  Majoris,   v 

4 

10  22. o5 

3.268 

19.55 

685 

3856 

55  Ursae  Majoris, 

5 

10  56. 5x* 

3.3o2 

5o    59    32.2* 

19.68 

686 

3859 

12  Crateris,            6 

31 

XI  5o.65* 

2.997 

xo3  58     3.4* 

19.44 

687 

3862 

77  Leonis,.              a 

4 

i3  23.98* 

3.099 

83     8  58.1* 

19.66 

688 

3866 

Centauri,           it 

4 

i4  10.55 

2.758 

i43  4o  x4.5 

19.98 

689 

3877 

78  Leonis,              i 

4 

16    6.12* 

3.137 

78  38  4x.5* 

19.76 

690 

388 1 

i4  Crateris,            e 

5 

17     2.28 

3.028 

xoo     2  x5.4 

19.69 

691 

3883 

1 5  Crateris,            y 

4 

17  23.56 

2.990 

106  5i  36.1 

19.67 

692 

3885 

Ursae  Majoris, 

5 

17  27.47* 

3.439 

33  19  4i.o* 

19.67 

693 

3900 

84  Leonis,              r 

4 

20  i3.3i* 

3.091 

86  19     5.9* 

19.78 

694 

3914 

I  Draconis,           \ 

31 

22  26.42* 

3.67^ 

19  5o  3o.4* 

19.87 

695 

3916 

87  Leonis,              e 

41 

22  39.03* 

3.066 

92  10  35.9* 

19.84 

696 

3922 

Hydrae, 

5 

24  50.91 

2.964 

xxS  26  22.x* 

19.67 

697 

3928 

Hydrae, 

4 

25  38.25 

2.941 

i2X     X  39.2 

19.86 

698 

3941 

Centauri,           ^ 

4 

28  53.66 

2.724 

i52  II  24.0 

19.87 

699 

3943     21  Craterifl,            6 

4 

29    4.66 

3.043 

98  58  21.5 

19.86 

I700 

3946    91  Leonis,              v 

41 

II  29  16,07* 

+3.074 

89  59  46.6* 

+  19.87 
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No. 

65 1 
652 
653 

654 
655 

Logarithmfl  or 

LogarlUuns  of                              | 

a 

h 

c 

d 

a' 

A' 

c' 

d' 

— 8.9602 
8.8079 
9.1901 
9.3543 
9.0726 

+8.5721 
8.4182 

8.7984 
8.8593 
8.6733 

+o.4oi3 
0.4661 
0.6260 
0.6466 
0.3552 

+8.8274 
+8.25o8 
— 9.1525 
— 9.2269 
+9.0029 

—9.7577 
—9.7x73 
+9.2350 
+9.3o38 

—9-7347 

—9.8337 
—9.4096 
+9.9293 
+9.9400 
—9.8983 

+1.2686 
1.2688 
X.269X 
1.2696 
1.2702 

+9.5783 
9.5770 
9.5752 

9.5734 
9.5686 

656 
657 
658 
659 
66o 

9.4684 

8.8643 

9.1474 
9.0832 
8.9770 

0.0658 
8.4398 
8.7223 
8.6487 
8.5361 

9.8975 
0.5262 
0.3269 
0.3628 
0.4071 

+9.4586 
—8.5820 
+9.0996 
+9.0x58 
+8.8523 

— 9.6544 
— 9.2700 
-9.7050 
9.7158 
—9.7343 

—9.9586 
+9.6890 
— 9.9235 
— 9.9051 
—9.8485 

X.2706 
1.2735 
1.2735 
1-2747 
X.2754 

9.5658 
9.5468 
9.5463 
9.5379 
9.5323 

66 1 
662 
663 

664 
665 

8.8143 
9.5495 
8.8869 

8.9434 
9.0783 

8.3621 
9.0845 
8.4x83 
8.4722 
8.5938 

0.4695 
9.8283 
0.5279 
0.5420 
0.3807 

+8.3388 
+9.5425 
—8.6457 
— 8.785x 
+9.0069 

—9.7049 
— 9.5980 
— 9.2322 
—8.9538 
— 9.6936 

— 9.3989 
— 9.9689 
+9.7351 
+9.8182 
—9.9065 

1.2767 
1.278X 
1.2785 
1.2788 
X.280X 

9.5223 
9.5x09 
9.5076 
9.5o53 
9.4934 

666 
667 
668 
669 
670 

8.8465 

8.8254 
9.0710 
8.8o63 
8.8356 

8.36x6 
8.3075 
8.55x2 
8.286X 
8.3o5o 

0.5x45 
0.4696 
0.5647 

0,4914 
0.5073 

-8.48x3 
+8.3o35 
— 8.9955 
—7.6933 
—8.3896 

— 9.4104 
— 9 . 7000 
+7.8976 
— 9.6x32 
— 9.4829 

+9.6127 
— 9.4590 
+9.9055 
+8.868X 
+9.5359 

I .280X 
X.283I 
1.2833 
1.2833 
I. 2841 

9.4930 
9.4630 
9.46x3 
9.4609 
9.45x3 

671 
672 
673 

674 
675 

9.1424 
8.81x8 
8.8560 
8.8563 
8.9624 

8.6110 
8.2601 
8.2982 
8.2942 
8.38ix 

0.5795 
0.4945 
o.46i3 
0.46x6 
0.5332 

— 9.0905 
— 7.9632 
+8.5o53 
+8.5o55 
—8.8x42 

+8.7033 
— 9.5925 

—9.7054 
— 9 . 7043 
— 9.0963 

+9.9301 
+9.X349 
—9.6333 
—9.6335 
+9-8374 

1.2842 
1.2858 
1.2862 
1.2865 
1.2878 

9.4506 
9.43x8 
9.4261 
9.4221 
9.4043 

676 
677 
678 
679 
680 

8.8608 
8.8797 
8.8438 
8.8427 
8.8296 

8.2774 
8.2870 
8.2383 
8.2220 
8.2069 

0.4619 
0.4575 
0.4684 
o.5o4i 
0.4998 

+8.52x8 

+8.5984 
+8.4x75 
—8.4037 
—8.2765 

— 9 . 7002 
—9.6984 
— 9.6924 
— 9.5043 
—9.5462 

— 9.6467 
— 9.7050 
— 9.5608 
+9.5490 
+9.4349 

1.2879 
X.2885 
1.3893 
1.290X 
X . 2902 

9.4024 
9.3936 
9.38x5 
9.3672 
9.3653 

68  X 
682 
683 

684 
685 

8.8Si3 
8.8i36 
8.8869 
8.8946 
8.9234 

8.22X3 

8.1679 
8.23x1 
8.2371 
8.2606 

0 . 5o6o 
0.4852 
o.5i23 
o.5i37 
o.5x86 

-8.4591 
+7.5075 
-8.6x56 
-8.64x2 
— 8.7224 

—9.4832 

—9.6477 
—9.3997 

— 9 . 38o6 

—9.3086 

+9,5962 
— 8.683o 

+9.7184 
+9.7363 
+9.7889 

I . 2906 

1.29x4 
1.29x9 
1.2920 
1.2922 

9.3585 
9.3435 
9.3338 
9.3322 
9.3272 

686 
687 
688 
689 
690 

8,8273 
8.8180 
9 . o425 
8.8245 
8.8229 

8.x563 

8.1322 

8.3493 

8.IX2I 

8.1010 

0.4773 
0.4918 
0.4329 

0.4944 
0.4809 

+8.3XOO 

—7.8946 

+8.9487 

— 8.XX87 
+8.0642 

—9.6734 
— 9.6094 
— 9.6202 
—9.5888 
—9.6626 

—9.3730 
+9.0676 

—9-8974 
+9.2862 

—9.2336 

1.2926 
1.2932 
X.2935 
I . 2942 
1.2945 

9.3x93 
9.3o52 
9.2980 
9.2796 
9.2704 

691 
692 
693 

694 
695 

8.8354 
9.0765 
8.8182 
9.2873 
8.8x84 

8.1098 
8.35oi 
8.0621 
8.5o57 
8.0344 

0.4765 
0.5373 
0.4893 
0.5653 
o.486x 

+8.2979 

— 8.9985 
— 7.6259 
— 9.2607 

+7.3979 

— 9.671X 
—8.9253 
—9.6253 
+7.7924 
—9.6434 

—9.4549 
+9-9145 
+  8.80x1 
+9.9676 
-8,5737 

1.2947 
X.2947 
1.3957 
I . 2964 
X . 2964 

9.2668 
9.2661 
9.2372 
9.2x26 
9.2x02 

696 
697 
698 
699 
700 

8.8746 
8.886X 
9.i5xo 
8.8253 
—8.8200 

.8.0638 
8.0652 
8.2863 
7.9580 
+7.9500 

0.4713 
0.4699 
0.4358 
0.4832 
+0.4873 

+8.5525 
+8.5983 
+9.0977 
+8.0x83 
-^4.65i7 

—9.6574 
—9.6522 
—9.5081 
—9.6529 
-9.6375 

—9,6727 
-9.7073 
—9.9427 
— 9I.189X 
+5.8278 

I. 2971 
1.3973 

1.2983 

X.2983 
+1.3983 

9.x84x 
9.1743 
9.x3i3 
9.1288 
+9.1261 
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No. 
701 

B.  A.  C. 

Conatellatkni. 

M««. 

Right  Aflcenston, 
Jan.  1, 18W. 

Anniul 
VtriaUon. 

North  Polar  Diat., 
Jan.  1, 1890. 

Annual 
Variation. 

3978 

27  CnteriB, 

C 

4 

II  37  10.04 

+3.0*33 

0       *       ** 
107  3o  58.5 

+  19-97 

702 

3979 

2  Virgiiiis, 

f 

5 

37  33. o3 

3.097 

80  54  3o.i 

20.00 

703 

3981 

63  Ursae  Majoiis, 

X 

4 

38     6.53* 

3.209 

4i  33  30. 5* 

19. 94 

704 

3982 

3  Virginis, 

V 

4i 

38    8.97* 

3.093 

83  37  49.4* 

30.16 

705 

3984 

Musc«, 

4i 

38  34.44 

3.793 

i55  53  53.1 

30.  o3 

706 

3990 

93  Leonis, 

4 

4o  14.66 

3.107 

68  56  49.3 

19.98 

707 

3995 

94  Leonis, 

p 

2i 

4i  24.27* 

3.066 

74  35  33.6* 

30.09 

708 

4002 

5  Virginia, 
Hydne, 

p 

3i 

42  52.90* 

3.128 

87    23    35.3* 

20.28 

709 

4oz5 

4 

45  20.47* 

3.014 

133    4  36.5* 

20.  o4 

710 

4017 

64  Ursae  Majoris, 

y 

3 

45  55.06* 

3.202 

35  38  16.8* 

20.  o4 

711 

4o48 

ChameleontiB, 

e 

5 

52  14.93 

2.83o 

167  33  i3.o 

20. 10 

712 

4052 

8  Virginis, 

n 

5 

53  11. i6* 

3.079 

83  33  57.7* 

20.10 

713 

4072 

9  Virginis, 

0 

4i 

57  34.07* 

3.064 

80  26    1.4* 

20.  o5 

714 

4078 

Crucis, 

n 

4i 

59    5.65 

3.o4i 

i53  46  38.6 

20.24 

7i5 

4087 

Centauri, 

6 

3 

12    0  36.54 

3.070 

139  53  i4.i 

20.  i5 

716 

4p9o 

I  Corvi, 

a 

4i 

0  41.27 

3.082 

iz3  53  38.0 

20.10 

717 

4097 

2  Conri, 

e 

4 

2    25.35 

3.077 

III  47    4.5 

20. o3 

718 

4io3 

Centauri, 

P 

4 

3  5o.i5 

3.090 

i4i  3i  57.3 

20.  o3 

719 

4lI2 

Draconis, 

5 

5    6.43* 

2.936 

II  33     0.3* 

20.  o3 

720 

4X20 

Crucis, 

6 

3 

7  12.68 

3.128 

147  54  49.3 

20.00 

721 

4i23 

69  Urse  Majoris, 

6 

3 

7  58.70* 

3.016 

33     8     1.7* 

20.10 

722 

4i24 

4  Corvi, 

7 

3 

8     5.97 

3,077 

106  43  3o.4 

20.02 

723 

4x25 

6  Come, 

5 

8  22.93 

3.o54 

74  i5  53.3 

20. o5 

734 

4x26 

2  Canum  Venat, 

5 

8  35.84* 

3.o34 

48  3o  i5.9* 

20.07 

725 

4x27 

7  Coxnn, 

5 

8  44.96 

3.o5o 

65  i3  14. I 

20.07 

726 

4x28 

Canum  Venat, 

• 

5 

8  57.48 

3.o4x 

56     6    3.8 

20.22 

727 

4x3i 

Chammleontis, 

P 

5 

9  40.27 

3.3o4 

168  38  46.3 

20. o5 

728 

4x33 

Crucis, 

C 

5 

10  20.59 

3.i53 

i53  10  30. 8 

20.46 

729 

4x45 

1 5  Virginis, 

n 

3i 

12  13.89* 

3.067 

89  49  58.5* 

20.07 

730 

4x5i 

16  Virginis, 

c 

5 

12  43.93* 

3.049 

85  5 I     6.5* 

20.09 

731 

4x56 

II  Com«, 

5 

i3    8.i3 

3.o36 

71  33  39.8 

19.96 

732 

4x58 

Crucis, 

e 

4 

i3  18.27 

3.177 

149  34  19. 6 

19.88 

733 

4x69 

12  Comie, 

5 

i4  57.61 

3.029 

63  19  i3.3 

20.00 

734 

4x8i 

1 3  Comae, 

5 

16  46.83 

3.022 

63    4    5.6 

20.  02 

735 

4x86 

Crucis, 

4i 

x8  i3.i8 

3.283 

x53  17  33.6 

20.01 

736 

4x87 

Crucis, 

a 

I 

18  18.00 

3.25i 

i53  i5  59.7 

19.94 

737 

4x91 

x4  Comae, 

5 

18  53.77 

3.oi5 

61  53  59.6 

20.01 

738 

4x95 

z5  Comae, 

r 

4i 

19  27.45 

3.004 

60  .53  49.1 

20.00 
19.98 

739 

4x96 

z6  Comae, 

5 

19  29.08 

3.018 

63  30  33.3 

74o 

4x97 

Centauri, 

a 

4i 

19  57.03 

3.185 

139  33  55.8 

19.91 

74x 

4202 

Centauri, 

5 

20  24.87 

3.X55 

138  13  37.3 

20.33 

742 

4211 

7  Corvi, 

d 

3 

22     6.8x 

3.106 

io5  4o  46.5 

20.12 

743 

42i5 

Crucis, 

7 

2 

22  52.84 

3.275 

i46  16  17.7 

20. i3 

744 

4224 

Muscae, 

7 

4 

23  35. o5 

3.460 

161    18   l3.3 

19.98 

745 

4226 

8  Conri, 

n 

4i 

24  20.93 

3.o83 

io5  31  53.4 

30. 01 

746 

4234 

9  Corvi, 

P 

2i 

26  30.94* 

3.i3z 

113    34      O.I* 

19.99 

747 

4235 

8  Canum  Venat, 

P 

4 

26  36. 4o* 

2.865 

47  49  35.5* 

19.64 

748 

4239 

5  Draconis, 

H 

3i 

27     3.10* 

2.610 

19  33    4.4* 

19.96 

'749 

4240 

23  Comae, 

4i 

27  22.75 

3.oi5 

66  33  37.3 

19.91 

760 

4245 

Muscae, 

a 

4 

12  28  18.20 

+3.481 

i58  18  38.7 

+  19.90 
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No. 

Logartthnui  of 

Logarithms  of                             | 

a 

h 

c 

d 

of 

*' 

c' 

df 

701 
70a 
703 
704 
7o5 

^8.8424 
8.8273 
9.0016 
8.8a55 
9.2110 

+7.8433 
7.8197 
7 . 0829 
7.8061 
8.i83o 

+0.4813 
0.4903 
0.507a 
0.4896 
0.4459 

+8.3309 
—8.0260 
—8.8768 
-7.9337 
+9.1713 

—9.6471 
9.6160 
9L.  3333 
9.6314 
9.4x90 

—9.4764 
+9.1966 
+9.8733 
+9.1063 
—9.9585 

+  1 .3oox 
i.3ooi 
I . 3oo3 
I . 3oos 
i.3oo3 

+8.9977 
8 . 9903 
8.9793 
8.9786 
8.9701 

706 
707 
708 
709 
7x0 

8.8533 

8.8384 
8.8a32 
8.8098 
9.0594 

7.7889 
7-7485 
7.6972 
7.7061 
7.8484 

0.4935 

0.49x4 
0.4879 
0.4793 
o.5o33 

—8.4077 
—8.3638 
—7.48x6 
+8.6368 
—8.9703 

9.5730 
9.5987 
9.6336 
9.6005 
9 . 3o49 

+9.5538 
+9.4330 
+8.6573 
— 9.7361 
+9.9100 

i.3oo6 
i.3oo8 
i.3oio 
i.3ox3 
i.3oi4 

8.9350 
8.9087 
8.8728 
8.8o55 
8.7883 

711 
712 
713 

714 
715 

9.4845 
8.8274 
8.83oo 
9.1786 
9.0148 

8.0I38 

7 . 3oo6 

6.8554 

+6.7754 

—6.4392 

0.4577 
0.4880 
0.4876 
0.4857 
0.4878 

+9.4739 
— 7.9403 
— 8.o5o6 
+9.i3i5 
+8.8984 

9.1065 
9.6398 
9.6395 
9.3905 
9.4434 

—9.9891 
+9. 1 137 
+9.3306 
— 9 .  o538 
—9 .  o835 

I . 3030 
I . 3o30 
1.3023 
1.3033 
I . 3033 

8.5391 

8.4730 

8.0354 

+7.5967 

-^7.4244 

716 
717 
718 
719 
720 

8.8638 
8.8561 
9.o3oo 
9.5333 
9.0984 

6.3401 
6.8799 
7.2537 
7.8702 
7 . 5964 

0.4875 
0.4880 
0.4913 
o.466x 
0.4966 

+8.4703 
+8.4256 
+8.9338 
—9.5x34 
+9.0264 

9.5973 
9.601 I 
9.4098 
9.0363 
9.3093 

—9.6075 
— 9.5695 
—9.8937 
+9.9910 
— 9 . 9378 

X . 3o33 
I . 3o33 
I.3o33 
I.303X 
I . 3030 

7.4773 
8.oa38 
8.8336 
8.3478 
8.4978 

721 
72a 

723 

724 
725 

9.0978 

8.8424 
8.8402 

8.9491 
8.8655 

7.6398 
7 . 3909 
7.4o36 
7.5236 
7*4475 

0.4766 
0.4893 
0.4853 
0.4809 
0.4839 

— 0.0256 
+8.30XO 
—8.3735 
— 8 . 7704 
—8.4879 

9.4i55 
9.6079 
9.63x0 
9.5439 
9.6138 

+9.9375 

-9.4584 
+9.4330 
+9 .  8309 
+9.6330 

1.3030 
1.3030 

1.30x9 
1.3019 
X.3019 

8.5417 
.    8.548a 
8.5631 
8.5742 
8.5817 

726 
727 
728 
729 
730 

8.9045 
9.523i 
9.1690 
8.8a33 
8.8244 

7.4967 
8.1482 
7.8238 
7.5510 
7.5696 

0.4823 

0.5347 
o.5o38 
0.4872 
0.4865 

— 8.65o9 
+9.5x43 
+9.1195 
—6.3885 
—7.6838 

9.5831 
8.657X 
9.1920 
9.6377 
9.64o3 

+9-7461 
— 9 . 9908 
— 9.9501 
+7.4646 
+8.8587 

i.3oio 
i.3oi8 
i.3oi8 
i.3oi6 
i.3oi6 

8.5919 
8.6347 
8.6543 
8.7371 
8.7445 

731 
732 
733 

734 
735 

8.8466 
0.1186 
8.8719 
8.8726 
9.i55i 

7.6053 
7.8829 
7.6872 
7.7380 
8.o564 

0.4836 
o.5o55 
0.48x0 
0.4801 
o.5x49 

— 8.35o8 
+9.0543 
— 8.524x 
—8.5286 
+9.1023 

9.633o 
9.8299 
9.6202 
9.6333 
9.1189 

+9.5o35 
—9.9349 
+9.65i3 

+9.6549 
—9.9457 

i.3oi5 
i.3ox5 
i.3oi3 
i.3oxx 
I . 3009 

8.7580 
8.7636 

8.8x44 
8.8643 
8 . 8999 

736 
737 
738 

739 
74o 

o.i547 
8.8769 
8.8810 
8.8750 
9.0088 

8.0578 

7.7941 

7.8x09 

.7.8o56 

7.9497 

o.5i5o 
0.4788 
0.4782 
0.4787 
o.5o6o 

+9.10x8 
—8 .  5499 
—8.5679 

—8.54x7 
+8.8893 

9.1x83 
9.6349 
9.6338 
9.6378 
9.3353 

—9.9456 
+9.6716 

+9.6854 
+9.665I 
—9.8787 

i.3oo8 
1.3007 
1 . 3007 
1.3007 
i.3oo6 

8.90x6 
8.9x57 

8.9384 
8.9390 
8.9393 

74i 
74a 
743 

744 
745 

8.9369 

8.8384 
9.0773 
9.3x57 
8.8373 

7.8778 
7.8242 
8.0780 
8.3297 
7.8652 

o.5oo3 
0.4923 
0.5x46 
0.54x1 
0.4927 

+8.7x83 
+8.3701 
+8.9973 
+9.8922 
+8.2604 

9.4564 
9.593X 
9.1989 
8.6318 
9.5914 

—9.7896 
—9.4298 
—9.9x78 
—9.9742 
—9.4307 

I . 3oo5 
I . 3oo3 
i.3ooi 
1.8999 
1.8998 

8 . 9493 
8.9838 
8.9986 
9.01x7 
9.0355 

746 

747 
748 

749 
75o 

8.8556 
8.951X 
Q.3999 
8.8583 
—9.3538 

7.9309 
8.0179 
8.3739 
7.9376 
—8.3467 

0.4962 
0.4669 
0.4188 

0.4773 
+0.5433 

+8.4396 
—8.7781 
—9.2745 
—8.4582 
+9.3309 

9.5519 

9.6014 

9.4067 

9.6489 

—8.6618 

—9.58x1 
+9.8340 
+9.9716 
+9.5968 
—9.9648 

1.3993 
1.3993 
1.3992 
1.899X 
+1.3989 

9.0634 
9.0639 
9.0710 
9.0763 
— 9 . 0906 
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N.. 
75 1 

B.A.C. 

CooataUatlon. 

M«ff. 

Bifht  Aaeenion, 
Jan.  1, 1850. 

ABBoal 
Vaiiatioo. 

NocthPotarDtet., 
Ju.  1, 18B0. 

AddiuI 
Vuiatkni. 

425x 

Centanri, 

T 

5 

h.  m.        a. 

xa  29  31.49 

a. 
+3.341 

e                   *» 
137   42    49.3 

+  19.84 

75a 

4a57 

26  Virginis, 

X 

5 

3x  30.74 

3.094 

97  10    7-4 

19.91 

753 

4262 

Centauri, 

5 

3x  46.59 

3.320 

139    9  37.5 

19.92 

754 

4a64 

Centauri, 

7 

3 

33  16. 3i 

3.366 

i38     8     6.9 

19.89 

755 

4a68 

29  Virgixiis, 

7 

4 

34    3.69* 

3.o4o 

90  37  33.7* 

19.85 

756 

4371 

3o  Virginis, 

P 

5 

34  17.41 

3.037 

78  56     9.4 

19.92 

757 

4280 

Musce, 

P 

4 

37     8.73 

3.577 

157  17    8.3 

19.80 

758 

4289 

Crucis, 

fi 

2 

38  59.94 

3.443 

i48  53    0.4 

19. 7X 

759 

4290 

27  Comie, 

5 

39     9.07 

3.oo3 

73  36    4.7 

19.75 

760 

4293 

Octantis, 

I 

5 

39  45.57 

5.396 

174  18  14. I 

19.42 

76X 

4321 

Centauri, 

5 

45     8.75 

3.387 

129  ai  43.1 

19.77 

762 

4325 

Centauri, 

, 

5 

45  49.29 

3.473 

i46  31  4o.3 

19.57 

763 

4328 

35  Comee, 

5, 

45  54. 4i* 

3.960 

67  56  19.3* 

19.69 

764 

433o 

4o  Virginia, 

V' 

5 

46  33. 4x* 

3. 116 

98  43  23.4* 

19.66 

765 

4335 

77  Ursae  Majoria, 

e 

3 

47  a4.86* 

2.668 

33  i3  3o.6* 

19.69 

766 

4339 

Urse  Minoris, 

5i 

47  57.88* 

o.3o4 

5  45  58.9* 

19. 63 

767 

4340 

43  Virginis, 

d 

3 

48    a. 89* 

3.023 

85  47  IX. 6* 

19.71 

768 

4342 

Ursie  Minoris, 

5i 

48     5.49* 

0.288 

5  46  17.0* 

19.60 

769 

4346 

12  Canum  Vexiat, 

a 

2i 

49     O.X7* 

2.823 

5o  53  13.9* 

19.56 

770 

435x 

36  Come, 

4i 

5i  3o.25 

3.974 

71  46  48.7 

19-49 

771 

4353 

Muses, 

S 

4 

53    2.64 

3.995 

160  44  16.9 

19.55 

772 

436o 

37  Come, 

5 

53     5.57 

2.885 

58  34  i3.4 

19.50 

773 

4366 

78  Ursae  Majoris, 

5 

54  x6.67* 

2.601 

33  49  36.6* 

19.48 

774 

4367 

47  Virginia, 

e 

3 

54  43.83 

2.993 

78  i3  58.3 

19.46 

775 

4379 

Centauri, 

e 

5 

58  IX. o3 

3.464 

139    6     5.4 

19.62 

776 

4384 

x4  Canum  Venat, 

5 

58  43. ao* 

3.835 

53  33  5o.6* 

19.39 

777 

4387 

39  Come, 

5 

59     3.53 

3.933 

3.888 

68     3  32.6 

19.43 

778 

4390 

4 1  Come, 

4 

59  58.69* 

61  34    8.4* 

19.46 

779 

439  X 

49  Virginia, 

g 

5 

i3     0     3.6o* 

3.137 

99  56  13.7* 

19.401 

780 

4395 

45  Hydre, 

V' 

4i 

0  59. 3x 

3.319 

1x2  18  50.9 

19.41 

781 

44ox 

5x  Virginis, 

e 

4i 

3  I I. 26* 

3.101 

94  44  13.9* 

19.37 

782 

44o6 

42  Come, 

a 

4i 

3   41.49 

3.924 

7x  4o  33.6* 

19.17 

783 

4409 

Centauri, 

5 

3    5o.02 

3.398 
3. 181 

i32  34    4.1 

19.88 

784 

44x8 

53  Virginia, 

5 

4    4.93* 

io5  23  17. X* 

19.57; 

785 

442  X 

43  Come, 

fi 

4^ 

4  52. ox* 

2.81X 

6i  21  37.3* 

18.35 

786 

4426 

Musce, 

1 

5 

5    9.35 

3.943 

x57     5  45.4 

19.09 

787 

4433 

Cannm  Venat, 

5 

6  54.62* 

2.734 

49     3     6.7* 

19.37 

788 
789 

4449 
445o 

61  Virginis, 
46  Hydre, 

7 

4i 
4 

xo  33.88* 
xo  46.68 

3. 129 
3.247 

X07  a8  3x.6* 
XX3  33  39.5 

20.14 
19.11 

790 

445  X 

20  Canum  Venat, 

5 

xo  48.56* 

2.703 

48  38  X0.5* 

19.08 

791 

4456 

21  Canum  Venat, 

5 

IX  5x.25 

3.57X 

So  3x  4i.a 
xa5  55  13. 3* 

19.11 

792 

4458 

Centauri, 

I 

3 

12    11.09 

3.348 

19. SI 

793 

448o 

67  Virginis, 

a 

X 

17  17.79* 

3.x5a 

xoo  33  36.5* 

18.98 

794 

4483 

Octantis, 

K 

5 

17  38.76 

8.075 

175     0  59.7 

19.54 
18.95 

795 

4484 

79  Urse  Majoris, 

c 

3. 

17  52.63* 

2.437 

34  17  34.0* 

79^ 

4493 

68  Virginis, 

■ 

f 

5 

18  48.23 

3.x6i 

loi  55  3o.5 

18.92 

797 

4493 

80  Urse  Majoris, 

g 

5 

19  13.48* 

3.434 

34  i3  44.0* 

'!-2* 

798 

4507 

Centauri, 

4i 

33  31.97 

3.445 

138  37  48.8 

18.83 

799 

4532 

79  Virginis, 

c 

4 

37     3.34* 

3.o55 

89  49  38.3* 

18.57 

800  1  4538 

24  Canum  Venat, 

5 

x3  s8  18.98* 

+3.466 

4o  13  56.5* 

+X8.60 
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No. 

75i 

753 
753 

754 
755 

Logarithmfl  of                              | 

Logartttama  of                              | 

a 

b 

c 

d 

fl' 

*' 

c' 

d' 

— 8 . 9924 
8.8232 
8. 9302 
8.9960 
8.8191 

— 8.xo48 
7.9643 

8.0749 
8.1699 

7.9944 

+o.6x32 
0.4906 
0 . 6080 
0.6x67 
0.4876 

+8.86x6 

+7.9194 
+8.7306 
+8.  8669 
+0.8677 

— 9.2945 
— 9.6x66 
—9.3966 
— 9.2698 
—9.6368 

-9.8666 
— 9.0921 
— 9.7962 
—9.8674 
—8.0337 

+  1.2986 
X.298X 
1.2980 
1.2976 
I . 2974 

—9.1088 
9.x 369 
9.1406 
9.1604 
9.1706 

756 

757 

7.3« 

7 '9 
7G0 

8.8272 
9.23i4 
9.1041 
8.8379 
9.8206 

8.0064 
8.4460 
8.3392 
8.0747 
9.0643 

0.48x7 
0.5646 
0.6372 
0.4770 
0.73x1 

— 8.iio3 
+9.1964 
+9.0366 
—8.3x36 
+9.8x86 

— 9.6676 
—8.27x8 
—8.8998 
— 9.6674 
+9.X096 

+9.2782 
— 9.9692 
— 9.926X 
+9-4693 
— 9.9913 

1.2973 
1.2966 
X.2969 
1.2969 
1.2967 

9.1734 
9.2078 
9.2288 
9.2306 
9.2371 

761 
762 
763 

764 
765 

8.9272 
9.0717 
8.8482 
8.8199 
9.0768 

8.2273 
8.3784 
8.1567 
8.1338 
8.3978 

0.6x66 
o.64o3 

0.4717 
0.4930 

0.4236 

+8.7294 
+8.992X 
— 8.4229 
+8.0008 
—8.9983 

— 9.326X 

-8.8766 

—9.6784 
— 9.6002 

— 9.6x24 

—9.7938 
— 9.0XX7 
+9.6660 
— 9.X7X8 
+9.9x3x 

X.2937 
X.2936 
X.2935 
X.2932 
X.2929 

9.29x6 
9.2980 
9.2988 

9.3o48 
9.3x26 

766 
767 
768 
769 
770 

9.8123 
8.8i55 
9.8x19 
8 . 9242 
8.8352 

9.1393 

8.X434 
9.140X 
8.26x0 
8.X943 

9.5o6x 
0.4843 

9.4994 
0.4633 
0.473X 

— 9.8XOX 
—7.68x6 
— 9.8097 
—8.7243 
— 8.33o3 

—9.3986 

— 9.66x4 
— 9.3993 
— 9.6726 
—9.6830 

+9.9882 
+8.8565 
+9.9882 

+9*790« 
+9.4840 

1.2926 
1.2926 
X.2926 
1.2922 
1.29x2 

9.3x76 
9.3x83 
9.3x86 
9.3268 
9.3480 

771 
772 
773 
774 
775 

9.2942 
8.8818 
9.0776 
8.8206 
8.9937 

8.6680 
8.2546 
8.46o3 
8.2069 
8.4078 

0.6946 
0.4697 
0.4123 
0.4778 
0.5389 

+9.2692 
—8.60x1 
— 9 .  0020 
— 8.i3ox 
+8.8722 

+8.8407 
— 9.690X 
— 9.6369 
—9.6749 
—8.9746 

—9.9637 
+9.7076 
+9.9122 
+9.2970 
—9.8643 

1.2909 
1.2906 
1.2899 
1.2897 
I. 2881 

9.3626 
9.36x0 
9.3704 
9.3738 
9.4000 

776 

777 
778 

779 
780 

8 . 9049 
8.8421 
8.8647 
8.8x54 
8.8422 

8.3232 
8.2628 
8.2926 
8.2438 
8.2776 

0.460X 
0.4673 
0.4699 
0.4967 
0.6072 

— 8.68o3 
—8.4x49 
—8.6424 
+8.0624 
+8.42x6 

—9.6986 
— 9.697X 
— 9.703X 
— 9.583o 
—9.4794 

+9.76x0 
+9.5583 
+9.6627 
— 9.22x9 
-9.6639 

1.2878 
1.2877 
x.287a 
1.287X 
X.2867 

9.4039 
9.4062 
9.4x29 
9.4x33 
9.4199 

781 
782 
783 

784 
785 

8.8092 
8.83ox 
8 . 9402 
8.8226 
8.863o 

8.2536 
8.278X 
8.3893 
8.2807 
8.3266 

0.49x4 
0.4700 
0.53x9 
o.6ox4 
0.4674 

+7.726X 
—8.3276 
+8.7706 

+8.2464 
—8.5436 

— 9.6x32 
— 9.6963 
— 9.i36x 
-9.5381 
—9.7x16 

— 8.900.7 
+9.48x0 
—9.8x37 
—9.4066 
+9.6630 

1.2860 
1.2868 
X.2857 
X.2860 
1.2846 

9.4282 
9.4316 
9.4326 
9.4409 
9.446X 

786 
787 
788 
789 
790 

9.2160 
8.9270 
8.8235 
8.8369 
8.9275 

8.6817 

8.4049 
8.3260 
8.3407 
8.43x6 

0.6976 
0.4372 
0 . 6049 
o.5xo3 

0.4334 

+9.1803 
—8 .  7436 
+8.30XO 
+8.4176 
—8.7476 

+8.9618 
—9.7x30 
— 9.609 X 
—9.4658 
—9.72x6 

-9.9466 

+9-7977 
— 9.4666 

— 9.6696 

+9.7990 

1.2844 
1.2835 
x.28x3 
X.28X2 
1.28x2 

9.4479 
9.4691 

9.48x6 

9.4828 

9.483o 

791 
792 
793 

794 
795 

8.9984 
8.8936 
8.8069 
8.8693 
9.0476 

8.6093 
8.4066 
8.36o8 
9.4063 
8.6960 

0.410X 
0.6277 
0.4986 
0.9x18 
0.3833 

-8.8867 
+8.6620 
+8.06x6 
+9.8676 
—8.9646 

— 9.7XX1 
— 9.2297 
— 9.6660 
+9.4676 
— 9.7x69 

+9.8666 
— 9.7466 
— 9.23o4 
—9.0729 
+9.89x6 

X . 2806 
X.2803 
X .2770 
1.2768 
1.2767 

9.489X 
9.49x1 
9.6197 
9.6216 
9.6228 

796 

797 
798 

799 
800 

8.8072 
9 . 0473 
8.9026 
8.79x8 
—8.9808 

8.36x2 
8.6037 

8.4773 
8.3o3o 

—8.6890 

0.6006 
o.38xx 
0.5374 
0.4870 
+0.3938 

m 

+8.1224 
—8.9647 
+8.6979 
—6.2719 

—8.8637 

— 9.560X 
—9.7x96 
— 9.0770 
|— 9.6386 
1— 9.7637 

— 9.2890 
+9.8909 
—9.7667 

+7-4479 
+9.8498 

1 . 2760 
1.2768 
1.2736 
1.270X 
+  X.269X 

9.6278 
9.6299 
9.6462 
9.6691 
—9.6761 
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No. 

8oi 

B.A.C. 

GonateUatlon. 

Mag. 

Right  AooeMion, 
Jan.  1,  1890. 

Annual 
Variation. 

Nortli  Polar  Diat., 
Jan.  1, 1890. 

Annual 
Variation. 

4549 

Centanri, 

e 

3 

h,    nu        a. 
x3  3o  a5.x8 

+3.735 

0       /        ^ 

x42  42     3.5 

+  18.59 

8oa 

455a 

a5  Canmn  Yenat. 

9 

5 

3o  46.67 

2.681 

52  56  35.8* 

x8.5o 

8o3 

4568 

83  Ur8«  Majoris, 

5 

35     3.54* 

2.394 

34  33  a8.4* 

18.41 

8o4 

4579 

I  Centaari, 

• 

t 

5 

37  10. 64* 

3.389 

xaa   16  59.5* 

18.47 

8o5 

458o 

Centauiiy 

5 

37  11.59 

3.745 

i4o  4o  36.7 

18.12 

806 

4597 

4  Bootis, 

T 

5 

4o    8.o4* 

2.856 

71  47  36.6* 

18. 13 

807 

460X 

Centauri, 

V 

H 

4o  3i.88 

3.563 

i3o  56  i5.5 

18. 25 

808 

46o3 

Centauri, 

fi 

3i 

4o  36.11 

3.570 

x3x  43  26.6 

18.25 

809 

46o3 

a  Centauri, 

g 

5 

4o  46. 47^ 

3.453 

xa3  4a     o.i* 

18. 3o 

810 

4607 

85  Ursae  Majoris, 

V 

ai 

4i  37.37* 

2.353 

39  56  II. I* 

18. i5 

8x1 

46x5 

5  Bootis, 

V 

4 

42  14*59 

a.  895 

73  37  20.4 

x8.o4 

8X3 

4633 

3  Centauri, 

k 

Ak 

43  11.00* 

3.443 

122  i4  54.6* 

18.17 

8x3 

4639 

4  Centaari, 

h 

5 

44  35.4a* 

3.43x 

X3I   II     5.6* 

18.06 

8x4 

4638 

Centauri, 

? 

3 

46  12.67 

3.693 

i36  33  49.6 
24  32     5.4* 

18.  o5 

8x5 

4646 

xo  Draconia, 

■ 

t 

4i 

47    3.i4» 

1.755 

17.97 

8x6 

4648 

8  Bootis, 

V 

3 

47  3a. 54* 

a.  863 

70  5o  54.2* 

18.24 

817 

4653 

Centauri, 

^ 

4k 

49  10.53 

3.608 

x3x  ai  68.7 

18.01 

8x8 

4654 

Centaun, 

v* 

5 

49  26.39 

3.654 

x34    4    9.7 

18.06 

8x9 

4656 

9  Bootis, 

5 

49  43. x5 

a.  746 

6x  46  i3.a 

17.87 

8ao 

466o 

Apodis, 

$ 

5 

5o  54.43 

5.537 

x66    4  14.9 

18.  o5 

83  X 

4668 

Centauri, 

v» 

5 

5a  33.67 

3.695 

i34  53  38.7 

17.81 

833 

4669 

Centauri, 

p 

X 

53  17.41 

4.145 

149  38  44.6 

17.72 

8a3 

4673 

93  Virginia, 

T 

4i 

54     1.07 

3.o5o 

87  43  37.5 

17.69 

834 

468 1 

Centauri, 

X 

5 

56  54. 8x 

3.636 

x3o  37  31.9 

17.70 

835 

4685 

49  Hydne, 

v 

4i 

57  60.59 

3.398 

ii5  67  23.9 

17.60 

8a6 

4686 

5  Centauri, 

e 

ai 

57  5i.34* 

3.5o5 

ia5  37  49.4* 

18.09 

837 

4693 

Apodis, 

V 

5 

59  45.17 

6.914 

170  17  43.0 

17.13 

8a8 

4696 

IX  Draconis, 

a 

3i 

i4    0  19.87* 

1.6x8 

34  54  21.4* 

17.37 

839 

4705 

Octantis, 

6 

5 

3  29.33 

8.534 

X72  58  a3.8 

17-24 

83o 

4708 

5o  Hydne, 

5 

4  II. 19 

3.417 

1x6  33     7.3 

17.33 

83x 

47" 

Apodis, 

e 

5 

4  39.94 

6.839 

169  24  20.9 

16.62 

833 

4716 

98  Virgixiis, 

K 

4 

4  54.03* 

3.195 

99  34  23.5* 

17-14 

833 

47a6 

X7  Bootis, 

K 

5 

8    6.4i* 

a. 159 

37  3o  a4.o* 

17.03 

834 

4727 

99  Virgiius, 

t 

4 

8    9.33* 

3.x4a 

95  16  55.1* 

i7-4i 

835 

4729 

x6  Bootis, 

a 

I 

8  49. a4* 

a.  734 

70    2     3.9* 

18.93 

836 

473a 

'     Urse  Minoris, 

5 

9  19.15 

+  X.XXO 

19  5i  44.6* 

17.01 

837 

4733 

4  Ursae  Minoris, 

Var. 

9  30.89 

—0.387 

IX  44  5x.6* 

16.95 

838 

4734 

Lupi, 

t 

4i 

9  49.72 

+3.806 

i35  21  48.9 
43  i3  i5.8* 

17.12 

839 

4741 

19  Bootis, 

X 

4 

10  40.70* 

a.  288 

16.75 

84o 

474a 

31  Bootis, 

I 

4 

10  5i.oi* 

a.i3o 

37  56  21.3* 

16.80 

84i 

4743 

100  Yirginis, 

X 

4 

II     o.oi* 

3.337 

102  4o  4o.8* 

16.84 

84a 

4745 

Centauri, 

* 

5 

II  37.41 

3.6x9 

127  II  33.9 

16.93 

843 

4759 

Centanri, 

5 

i3  48.86 

3.659 

138  49  21.3 

16.73 

844 

4768 

Lupi, 

T» 

5 

16  33.09 

3.8x3 

i34  33  84.0 

16.78 

845 

4770 

Lupi, 

T* 

5 

16  33.81 

3.83a 

i34  4i  53.5 

16.71 

846 

4789 

a3  Bootis, 

$ 

4 

ao    5.3a* 

a.o45 

37  27  i5.o* 

16.85 

847 

479a 

xo5  Yirginis, 

^ 

5 

20  a8.88 

3.090 

91  33     9.4 

16.42 

848 

48ox 

Lupi, 

a 

5 

33  32.78 

3.987 

139  47  i7-a 

16. a4 

849 

4808 

a5  Bootis, 

P 

4 

a5  31.85* 

2.590 

58  58     4.0* 

16.02 

85o 

48ix 

Centauri, 

V 

3 

i4  26    0.24 

+3.770 

i3i  29  44*6 

+i6.a4 

Tablb   XXX. 


433 


Gatalooue   op   1500  Stars. 


No. 

Logarithms  of 

LogaritbnMof                              | 

a 

b 

c 

d 

of 

b' 

c' 

df 

8oi 

—9.0067 

—8.6262 

+0.5735 

+8.9074 

+8.63i4 

—9.8659 

+  1.2675 

—9.5848  i 

802 

8.8869 

8.5o83 

0.4283 

—8.6670 

-9.7685 

+9.745X 

1.2672 

9.58641 

8o3 

9.0317 
8.8566 

8.6754 

0.3596 

—8.9474 

—9.76x9 

+9.8772 

I. 2638 

9.6o5a  1 

8o4 

8.5x12 

0.5338 

+8. 584a 

— 9.X676 
+8.6365 

—9.6873 

1.2619 

9*6x43  1 

8o5 

8.9818 

8.6364 

0.573X 

+8.8703 

—9.8482 

X.2619 

9*6i44 

806 

8.8o34 

8.4727 

0.4601 

—8.2981 

—9.7359 

+9.4519 

X.2594 

9*6265 

807 

8.9025 

8.5738 

0.55x8 

+8.7189 

—8.6946 

—9.7732 

I . 2590 

9*6281 

808 

8.9077 

8.5794 

0.5536 

+8.7309 
+8.6o46 

—8.6x28 

—9.7799 

1.2590 
i.a588 

9*6284 

809 

8.8604 

8.5329 

0.5378 

— 9.0962 

—9.7008 

9.6291 

810 

8.9723 

8.6489 

0.3776 

—8.8569 

—9.7836 

+9.84o5 

i.a58x 

9*6325 

811 

8.7975 

8.4772 

0.4623 

— 8.2520 

—9.7315 

+9.4098 

1.2575 

9.635o 

812 

8.85x1 

8.5353 

0.5363 

+8.5783 

— 9.X297 

-9.68x6 

.    1*2566 

9.6387 

8i3 

8.8448 

8.5358 

0.5349 

+8.5590 

—9.1556 

—9.6673 

1.2553 

9.6441 

8i4 

8.9381 

8.6368 

0.5684 

+8.7990 

+8.4i5o 

—9.8x25 

1*2538 

9.65o3 

8i5 

9.1564 

8.8591 

0.2435 

—9.1153 

—9.7707 

+9.9097 

i.853o 

9*6535 

816 

8 . 7990 

8 . 5o4o 

0.4565 

— 8.3i49 

—0.7469 

+9-4663 

I .25a5 

9.6554 

8x7 

8.8973 

8.6100 

0.5576 

+8.7x74 

— 8.356o 

— 9.7689 

I.25lO 

9.6614 

8x8 

8.9x60 

8.6298 

o.564i 

+8.7583 

+7.8921 

— 9.7908 

i.a5o7 

9.6624 

819 

8.827X 

8.5423 

0.4377 

— 8.5o2o 

-9.7783 

+9.623X 

i..25o4 

'   9.6634 

820 

9.3894 

9.1101 

0.7465 

+9.3765 

+9.5405 

— 9.934X 

I. 3493 

9.6677 

821 

8.9190 

8.6465 

0.5679 

+8.7676 

+8.3945 

— 9-7941 

1 ^2478 

9.6730 

822 

9.o65o 

8.7965 

0.6184 

+9.0009 

+9.2790 

—9.8806 

I. 3469 

9.6762 

823 

8.768X 

8.5o3o 

0.4836 

-7.3665 

—9.6556 

+8.54a3 

-  i.a46x 

9.6787 

824 

8.8835 

8.63x3 

0.5596 

+8.6956 
+8.45x1 

—8.1239 

— 9.7530 

i*a43i 

9. •6887 

825 

! 

8.8x00 

8.56x9 

o.53o3 

—9.2428 

— 9.58x0 

I. 2421 

9.69x8 

826 

8.8538 

8.6059 

0.5493 

+8.6x01 

—8.8202 

— 9.7052 

1.2421 

9.6919 

827 

9.5349 

9.2953 
8.8995 

0.8434 

+9.5287 

+9.6219 

— 9.9315 
+9.8948 

1.2400 

9.6982 

'828 

9.1367 

o.2xx5 

— 9.0943 

—9 .  8o44 

1 . 23o4 
i.a359 

9 . 7001 

.829 

9.6700 

9.4466 
8.5847 

0.9363 

+9.6668 

+9*6592 

—9.9304 

9.7102 

!83o 

8.8o52 

0.5334 

+8.4555 

— 9*1978 

—9.5832 

i.235x 

9.7124 

83i 

0.49x8 
8.7620 

9.2734 
8.5447 

o.83o6 

+9.4843 

+9.6^24 

—9.9248 

1.2345 

9.7139 

832 

o.5o35 

+7.9830 

—9.5336 

— 9.x53o 

1.2343 

9.7x47 

833 

8.9677 

8.7639 

o.33i8 

— 8.867X 

—9.8356 

+9.8277 

i.23o5 

9.7245 

834 

8.7540 

8.55o4 

0 . 4964 

+7.7X8X 

—9.5835 

—8.8923 

i.23o5 

9.7247 

835 

8 . 7783 

8.5775 

0.4490 

— 8.3ix6 

—9.7708 

+9.4608 

1.2297 

9.7267 

836 

9.2196 

9.0209 

+0.0379 

—9*1930 

—9.8x32 

+9 .  9008 

^.2291 

9.7282 

837 

9.44x7 

9 . 2439 
8.7069 

—9.5707 

-9*4325 

-9.7873 

+9.9x74 

1.2288 

9.7288 

838 

8 . 9034 

+0.5795 

+8*7557 

+8.8865 

-9.7785 

1.2285 

9.7297 

839 

8.9136 

8.7206 

0.3622 

— 8*776x 

—9.8392 

+9.7878 

» 1.2274 

9.732a 

84o 

8.960a 

8 . 7679 

0.33x2 

—8.8571 

— 9.8407 

* 

+9.82x9 

1.2272 

9.7327 

84i 

8.7594 

8.5678 

0.5097 

+8.1008 

—9.4839 

— 9.2662 

1.2270 

9.7332 

842 

8.8469 

8.6572 

0.5589 

+8.6283 

—8.2480 

-9.7057 

1.2265 

9.7345 

843 

8.8537 

8.6737 

0.5639 

+8.65o9 

+7.875X 

—9.7x86 

1.2236 

9.7414 

844 

8.8889 

8 . 7200 

o.58o8 

+8*7348 

+8.9258 

— 9.7639 

1.220X 

9.7491 

845 

8 . 8900 

8.72x3 

o.58x3 

+8.7372 

+8.9360 

— 9.7650 

1.220X 

9.7491 

846 

8.9532 

8.7987 

0.3x58 

—8*8529 

—9.8570 

+9.8i3o 
—8.3456 

1.21$5 

9.7588 

847 

8.7368 

8.584o 

0.4902 

+7.X697 

—9.62x4 

i.ax49 

9.7509 
9.7654 

848 

8.9239 

8.7794 

0.6012 

+8.8068 

+9.2x67 

—9.7929 

I. 2122 

849 

8.7071 
—8.8546 

8.6638 

o.4i4o 

—8 .  5093 

—9.8309 

+9..6183 

i.2o83 

9.7728 

85o 

—8.7238 

+0.5768 

+8.6753 

If  8. 83951— 9.7264 

+1.2074 

—9.7744 

Ee 
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No. 

85 1 

B.A.C. 

CoofllailatioD. 

Mif. 

Rlcfat  Aaeension, 
Ju.  1, 1850. 

Annual 
VariaUoD. 

NortliFolarDiat., 
Jan.  1, 16M. 

Annual 
Variatkn. 

48l2 

27  Bootis, 

7 

3i 

h.    m,        a. 

i4  26    2.20* 

+2.429 

9           *             ** 

5l      2      O.I* 

+  15.98 

852 

4821 

Lupi, 

P 

5 

27  49.93 

+3.998 

i38  46    7.9 

16.25 

853 

4822 

5  Unae  Minoris, 

• 

4 

27  54. 43* 

— 0.244 

i3  38  i4.3* 

16. o5 

854 

4823 

28  Bootis, 

a 

5 

28    9.02* 

+2.6i5 

59  36     3.7 

15.89 

855 

483i 

Centauri, 

o» 

4 

29  26,46 

4.018 

i5o  22  53.8 

i5.xi 

856 

4832 

Centami, 

o« 

f 

I 

29  28.00 

4.018 

i5o  12  37.4 

i5.ii 

857 

4833 

Apodis, 

a 

Ak 

29  29.31 

7.009 

168  24    1.9 

15.89 

858 

4835 

Circini, 

a 

4 

3o  27.77 

4.739 

i54  19    0.9 

16. i5 

859 

4839 

Lupi, 

a 

3 

3i  58.06 
32  39.59 

3.941 

i36  44  26.2 

i5.88 

86o 

4842 

Centauri, 

5 

3.697 

127    8  45.7 

i5.83 

86i 

4847 

29  Bootis, 

n 

3i 

33  40.55 

» 

2.816 

72  56    7.1 

15.69 

862 

4849 

3o  Bootis, 

C 

3i 

33  59.35* 

2.861 

75  37  3i.6* 

15.70 

863 

485o 

3 1  Bootis, 

5 

34  16.99 

2.947 

81  II  36.9 

15.70 

864 

4852 

Centaari, 

5 

34  3o.o2 

3.637 

124  3i  26.3 

15.93 

865 

4855 

107  ^Virginia, 

h 

4i 

35    9.62* 

3.i55 

95    0  12.2* 

15.96 

866 

4864 

34  Bootifl, 

4i 

36  49*91 

2.642 

62  49  53.6 

i5.53 

867 

4873 

35  Bootis, 

0 

4i 

38  14.67 

2.800 

72  23  49.6 

1 5. 48 

868 

4876 

36  Bootis, 

€ 

3 

38  26.14* 

2.622 

62  17  27.3* 

i5.45 

869 

4878 

109  Virffinis, 
56  HydrsB, 

4 

38  40.24 

3.029 

87  28  17.4 

i5.46 

870 

4880 

• 

5 

39    0.00 

3.478 

ii5  27  20.5* 

x5.5i 

871 

4882 

57  Hjdne, 

5 

39  11.59* 

3.483 

116    0  50.9* 

1 5.48 

872 

4890 

7  liibre, 

11 

5 

4x     6.22* 

3.279 
3.5o3 

io3  3i   14.0* 

i5.3i 

873 

4891 

58  Hydrae, 

f 

5 

4x  29.44* 

117  19  55.8* 

i5.32 

874 

,4892 

Lupi, 

0 

5 

4i  52.47 

3.885 

i32  57     3.2 

i5.4i 

875 

4895 

9  Librae, 

a 

3 

42  35. 3i* 

3.309 

io5  24  54.7* 

15.29 

876 

4905 

37  Bootis, 

^ 

3i 

44  S8.28 

2.767 

70  16  28.4 

15.25 

877 

4922 

1 5  Librae, 

r 

5 

48  38.13* 

3.245 

xoo  48    4.4* 

14.90 

878 

4924 

Lupi, 

P 

3 

48  43.91 

3.891 

i32  3i  32. 0 

14.98 

879 

4928 

Centaari, 

K 

3 

49  25.53 

+3.865 

i3i  29  52.6 

14.81 

880 

4936 

7  Ursae  Minoris, 

P 

3 

5i  12. o3* 

— 0.273 

i5  i3  53.8* 

14.78 

881 

4939 

19  Librae, 

6 

A\ 

52  57.84* 

+3.197 

97  55  i3,o* 

i4.6s 

882 

4948 

Lupi, 

V 

5 

54  55.81 

4 .039 

I 36  27  36.4 

14.63 

883 

4949 

Draconis, 

5 

55  12.83 

0.935 

23  28    9.4 

14.42 

884 

4950 

20  Librae, 

3i 

55  18.10* 

3.496 

ii4  4i  19.7* 

i4.5o 

885 

4951 

no  Virginia, 

5 

55  19.57 

3.027 

87  18  57.7 

14.46 

886 

4958 

42  Bootis, 

P 

3. 

56  17.80* 

2.264 

49    0  55.2* 

14.46 

887 

4969 

43  bootis. 

^ 

5 

58     1. 19 

2.572 

62  27  53.6* 

i4.3o 

888 

4970 

21  Librae, 

v» 

5 

58  16.19 

3.335 

io5  4o  16.8 

14.32 

889 

4973 

Lupi, 

X 

5 

58  45.79 

3.996 

i34  4i  57.5 

14.48 

890 

4974 

44  Bootis, 

t" 

5 

58  50.82* 

1.978 

4i  45  35.0* 

l4.23 

891 

4981 

45  Bootis, 

e 

5 

i5    0  42.75 

+2.632 

64  32  36. 0 

i4.3o 

892 

4982 

Ursae  Minoris, 

5 

0  44. o5 

—4.797 

6  52  24.6 

i4.i4 

893 

4986 

Lupi, 

K 

5 

1  31.97 

+4.xi5 

i38    9  44.8 

14.19 

894 

4987 

Lupi, 

c 

4 

I  32. 3o 

4.25o 

i4i  3i  27.0 
i58     7    9.$ 

14.S1 

895 

5oo5 

Tnang.  Aust., 

y 

3 

4  59.47 

5.456 

13.92 

896 

5oii 

Circini, 

P 

5 

5  48.85 

4.6i3 

i48  i4    4.8 

13.85 

897 

5o28 

Lupi, 

h 

5 

8    7.65 

4.127 

137  19    6.0 
60  16  35.8 

13.85 

898 

5o3i 

48  Bootis, 

X 

5 

8  12.96 

2.5o8 

I3.6S 

899 

5o32 

2  liupi. 

4i 

8  43.96* 

3.63i 

1x0  35  33.9* 
98  49  33.1* 

13.69 

900 

5o34 

27  Librae, 

P 

2k 

i5    8  56.44* 

+3.220 

+i3.6a 
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. 

No. 

85 1 

Logartthms  of                             | 

LogwrltluiM  of 

a 

h 

c 

d 

of 

1/ 

c' 

if     . 

—8.8383 

—8.7077 

+0.385I 

—8.6369 

—9.8532 

+9.7037 

+1.2073 

—9-7745 

85a 

8 . 9076 

8.7840 

+0.6007 

+8.7838 

+9.2206 

—9.7788 

1.2048 

9.7790 

853 

9.3539 
8.7903 

9.2306 

—9.3876 

—9.3415 

—9.8368 

+9.8901 

I . 2047 

9.7792 

854 

8.6680 

+0.4147 

—8.4945 

—9.8319 

+9.6063 

i.2o44 

9.7798 

855 

9.0281 

8.9108 

0.6521 

+8.9665 

+9.4929 

—9.8387 

1.2025 

9.7831 

856 

9.0280 

8.9100 
9.3o38 

0.6521 

+8.9664 

+9.4920 
+9.7053 

—9.8387 

1.2025 

9.7831 

857 

9.4208 

0.8466 

+9.4118 

—9.8913 

1.2084 

9.7833 

858 

9.0858 

8.9726 

0.6783 

+9.0406 

+9.5587 

—9.8536 

I.20I0 

9.7856 

859 

8.8846 

8.7773 

0.5961 

--8.7469 

+9.1787 

— 9 . 7589 

I. 1988 

9.7893 

86o 

8.8180 

8.7133 

0.5678 

--8.5989 

+8.4346 

—9.6765 

I. 1978 

9.7909 

• 

86i 

8.7375 

8.6368 

0.4496 

^8 .  2o5o 

—9.7762 

+9.3616 

I . 1963 

9.7934 

862 

8.7313 

8.63i8 

0.4560 

—8.1363 

— 9.7596 

+9.2885 

1.1958 

9.7941 

863 

8.7222 

8.6239 

0.4686 

—7.9071 

—9.7196 

+9.0781 

I. 1953 

9.7948 

864 

8.8008 

8.7034 

0.5617 

+8.5543 

—7.5682 

-^9.6463 

I. 1950 

9.7953 

865 

8.7174 

8.6225 

0.4975 

+7.6579 

—9.5772 

— 9.83a3 

I. 1940 

9.7969 

866 

8.7639 

8.6755 

0.4211 

—8.4234 

-9.8291 

+9.5488 

I.IOI4 
I. 1892 

9.8008 

867 

8.7318 

8.6488 

0.4472 

—8.2124 

-9.7836 

-f-9.3676 

9.8041 

868 

8.7635 

8.68i3 

0.4188 

—8.4310 

—9.8330 

+0.5542 
+8.5310 

I. 1889 

9.8045 

869 

8.7107 

8.6294 

0.4819 

—7.3553 

—9.6644 

I. 1886 

9.8o5i 

870 

8.7541 

8.6741 

o.54i3 

+8.3874 

—9 .  0682 

-9.5191 

I. 1881 

9.8o58 

871 

8.7558 

8.6765 

0.5426 

+8.3579 
+8.0874 

—9.0382 

— 9.5276 

1.1878 

9.8062 

872 

8.7186 

8.6467 

o.5i57 

—9.4327 

— 9.35i3 

I. 1847 

9.8106 

873 

8.757a 

8.6867 

0.5463 

-I-8.4191 

—8.9450 

—9.5438 

I.I841 

9.8114 

874 

8.8407 

8.7717 

0.5887 

+8.6741 

+9.0955 

—9.7146 

I.I835 

9.8123 

875 

8.7199 

8.6537 

0.5199 

+8.1445 

—9.3897 

-9.3047 

1. 1823 

9.8139 

876 

8 . 7272 

8.6681 

0.4403 

—8.2555 

-9.7997 

+9.4053 

1.179a 

9.8180 

• 

877 

8.7017 

8.6585 

o.5io8 

+7-9744 

—9.4778 

—9.1428 

I. 1722 

9.8269 

878 

8.8a63 

8.7835 

0 . 5904 

+8.6562 

+9.1274 

—9.6997 

I. 1720 

9.8271 

879 

8.8181 

8.7779 

+0.5874 

+8.6393 

-|- 9. 0842 

— 9 . 6899 

1.1709 

9.8285 

880 

9.2699 

9.2366 

—9.4242 

— 9.3544 

—9.8863 

+9,85oo 

I. 1678 

9.832a 

881 

8.6905 

8.6638 

+0 .  5o49 

+7.8297 

—9.5256 

— 9.0016 

I.X646 

9.8357. 

882 

8.8447 

8.8254 

0.6067 

+8.7049 

+9.3o58 

—9.7192 

i.x6ii 

9.8397 

883 

o.odai 
8.7237 

9.0640 

9.9727 

—9.0446 

— 9.9073 

+9.8209 

I . 1606 

9.8402 

884 

8 . 7059 
8.6648 

0.5436 

+8.3446 

—9.0316 

+6!  5286 

1.1604 

9.8404 

885 

8.6826 

0.4810 

—7.3530 

—9.6683 

1.1604 

9.84o5 

886 

8.8024 

8.7884 

0.3546 

—8.619a 

—9.8942 

+9.6732 

i.i586 

9.8424 

887 

8.7293 

8.7218 

0.4120 

—8.3942 

— 9.85o6 

+9.518I 

i.i554 

9.8457 

888 

8.6931 

8.6865 

0.5229 

+8.1247 

—9.3583 

—9.2843 

i.i55o 

9.846a 

889 

8.8a4o 

8.8193 

0.6023 

+8.6713 

+9.3700 

—9.6990 

i.i54o 

9.8471 

890 

8.8521 

8.8477 

o.3o47 

—8.7348 

— 9.9105 

+9.7244 

1.1539 

9.8473 

891 

8.7164 

8.7191 

+0.4182 

—8.3497 

—9.8431 

+9.4814 

i.i5o4 

9.85o8 

892 

9 . 5940 

9 . 5968 

—0.6810 

— 9 . 5909 

+8.7185 

—9.8786 

+9.8450 

i.i5o3 

9.8509 

893 

8.8463 

8.8531 

+o.6i63 

+9.3817 

—9.7187 

I . i488 

9.85a4 

?94 

8.8765 

8.8824 

o.63o2 

-(-8.7703 

+9.4583 

—9.740? 

1.1488 

9.8524 

895 

9.0924 

9.1113 

0.7384 

+9.0599 

4-9.7064 

—9.8074 

I. 1420 

9.8587 

896 

8 . 9407 

8.9628 

0.6661 

+8.8703 

+9.5886 

-9.7677 

I . i4o4 

9.8602 

897 

8.8263 

8.8571 

0.6161 

+8.6936 

+9.3869 

—9.6909 

+9.5287 

1.1357 

9.8644 

898 

8.7185 

8.7497 

0.4000 

— 8.4i38 

—9.8691 

1.1356 

9.8645 

899 

8.7169 

8.7500 

0.5596 

+8.4io5 

—8.1818 

^-9.5259 

—9.0178 

i.i345 

9.8654 

900 

—8.6609 

—8.6949 

+o.5o83 

+7.8468 

—9.5000 

+x.i34i 

—9 .  8658 
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Catalooub  of  1500  Stars. 


No. 

901 
903 
9o3 

904 
9o5 

B.A.C. 

Conatailatkm. 

Maff. 

Riflit  AflMiiakNi, 
Jan.  1, 1890. 

Aniraal 
VariaUoD. 

North  Polar  Dial., 
Jan.  1, 1890. 

Annval 
VartatloiL 

5o36 
5o46 
5o49 
5o54 
5o56 

49  BootiB, 

Lupi, 
W 
Lupi, 
Liipi, 

6 

3i 
4 
5 
5 

4i 

A    fit.        «. 

i5    9  27.44* 
II  3a. 5o 

11  42.44 
13  18.66 

12  3o.65 

a. 
+2;42X 
3.898 

4.i38 

3.79X 
4.028 

56     7  21.8* 
i3o     6    4.x 

137    82    36.1 

125  42  44*9 
i34    8  44.4 

+  13.67 
13.65 
13.67 
1 3. 46 
13.57 

906 
907 
908 
909 
9x0 

5o6o 
5079 

5o84 
5089 

5094 

Lupi, 
II  Ur8« Minoris, 
5 1  Bootis, 
32  Ldbne, 
i3  Unas  Minoris, 

7 

5 
5 
4 
4 
3i 

i3  35.42 

17  i5.3a* 

18  4o.42* 

19  48.27* 
21     0.38* 

+  3.802 
— 0.086 
+  2.267 
+  3.374 

— o.i46 

126  x8  58.8 
17  37  53.5* 
52     5  89.0* 

106  XI  22.9* 
17  37  56. o* 

13.39 
i3.o6 
12.89 

12.94 
ia.77 

91X 

9x2 
9x3 

9x4 
9x5 

5097 
5098 
5xo3 
5ix8 
5x25 

12  Draconis, 
3  Coronae  Bor., 

Triang.  Aust, 

Lupi, 
37  LibrflB) 

c 

p 

e 
7 

3 

4 
5 
3 
4 

21  36. oo* 
21  38.99 
23    3.22 
25    9.82 
25  59.19* 

+i.33a 
2.480 
5.356 
3.963 
3.268 

3o  3o  24.8* 
60  22  27.3* 
x55  48  22.5 
i3o  39  29.7 
99  32  46.7* 

ia.76 
12.71 
12.93 
12.71 
12.78 

9x6 
9x7 
9x8 
9x9 
920 

5i3i 

5x34 
5x35 
5x38 
5x39 

4  CoTone-Bor., 

38  Libne, 

1 3  SerpentiB, 

39  Librae, 
•    Lapi, 

0 

y 

6 

I 

4i 

4i 
3 

4 
5 

26  52.95 

27  8.48* 
27  38.64 
27  55.82* 
27  58. 18 

2.4x5 

3.344 
2.866 

3.624 
4.018 

58     7  52.5 
xo4  17     6.7* 

78  57  20.3 
117  38     1.5* 
x32    4  16.9 

12.44 

12.  39 
12.38 
12.38 
12.49 

92  X 
922 
923 
924 
925 

5x43 
5x5i 
5x55 
5i65 
5176 

5  CoToiuB  Bor., 
4o  Libra, 

6  Coronn  Bor., 
Lupi, 

43  Librs, 

a 

K 

2i 

4i 
5 
5 
5 

28  20.25* 

29  27.28* 

29  44.71* 

30  53.87 
33  18.75* 

2.539 
3.662 
2.200 
4.090 
3.445 

62  46  39.0* 
119  16  47.7* 

5o  29  80.8* 
x34    9  32.9 
109  11   18.6* 

12. 39 
12.89 
18.83 

12.49 
18. 06 

936 
927 
928 
939 
930 

5178 
5187 
5x90 
519X 
5192 

7  Corons  Bor., 
21  Serpentis, 

44  Librae, 

x5  Ursae  Minoris, 

8  Coronae  Bor., 

f 

• 

V 

e 
r 

5 
5 

4^ 

5 

5 

33  44.09 

34  51.89 

35  38.48* 

35  58. x5* 

36  26.63 

2.271 

2.670 

+3.37X 

—1.976 

+2.519 

52  52  28.2 
69  5o  34.8 
io5  IX  27.1* 
12    9  II. 9* 
63  i3  3i.5 

12. o5 
11.89 

11.86 
11.70 
11.68 

93x 
932 
933 

934 
935 

5x96 

53x4 
52x6 

5224 

5227 

24  Serpentis, 

27  SerpentiB, 

28  SerpentiB, 
Triang.  Aust, 

5  Lupi, 

a 
7, 

K 

X 

3i 

4^ 
3i 
5 

4 

36  52.92* 
39  xo.i5* 

39  15.90 

40  46.23 
4i  26. 5i* 

2.953 
2.912 
2.767 
5.836 
3.789 

83     5  56. 0* 
82  10  23.9* 
74     6  16.2 
i58    8  52.2 
123     9  56.5* 

XI. 67 

11.60 
11.56 
11.46 
11.46 

936 
937 
938 
939 
940 

533o 

5332 

5233 
5334 
5344 

32  SerpentiB, 
I  Scorpii, 
Triang.  Aust., 
35  SerpentiB, 
10  Coronae  Bor., 

6 

P 

K 

6 

3^ 

5 

3 

4 

4^ 

4i  47 -94 
4x  58. o5* 
4x  59. xo 
4x  59.54 
43  18.29 

3.128 
3.592 
5.2o5 
2.700 

2.5X2 

92  58    0.4 

ii5  17  26.2* 

i52  57  36.8 

71  23  28.4 

63  28     6.7 

11.38 
11.40 
XX. 73 

II. 4i 
xi.3o 

94i 
942 
943 
944 
945 

5345 
525o 
525x 

5252 

5257 

37  SerpentiB, 
2  Scorpii, 

45  Librae, 

38  SerpentiB, 

46  Libr», 

e 

A 

X 

P 

e 

3 
5 
4 
4i 

4i 

43  20.57 

44  37. ox* 
44  38. x5* 

44  40.80 

45  17.47* 

2.989 
3.587 

3.471 
2.635 

3.4x0 

85     4     3.3 
xi4  52  29.1* 
109  42  5o.7* 

68  34     1.4 
106  17     5.3* 

XX. 81 

II. 19 
II.X9 

XI. II 

10.99 

946 

947 
948 

949 
950 

5a59 
5268 
5372 
5279 
5284 

XX  Coronas  Bor., 

Lupi, 
5  Scorpii^ 

DraeoniB, 
4x  SerpentiB, 

K 
P 

r 

5 

4i 

4 

5 

3 

45  34.78 
47  18.95 

47  37.93* 

48  47.63* 
i5  49  31.72* 

2.256 

3.817 

3.689 

1.401 

+2.769 

53  52  25.6 

123  3i   16.4 

118  46  17.6* 

33  43  42.6* 

73  5o  40.4 

XX. 43 
10.98 
10.07 
X0.86 

+  18. o5 
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c 

▲TALOOUB    OF 

1600   Stars. 

No. 

LofvUbma  of             \ 

LogwrltbOM  oT 

a 

b 

c 

d 

«' 

f 

c' 

df 

90  X 
902 
903 

904 
906 

-8.7355 
8.7668 
8.8193 
8.7392 
8.7925 

—8.77x4 
8.8x06 
8.8638 
8.7860 
8.8400 

+0.382I 
0.59x7 
0.6179 
0.5782 

.  0.6061 

—8.4817 
+8.5758 
+8.6861 

+8.5o54 
+8.6354 

—9.8867 

+9.x64x 
+9.40x9 
+8.9133 
+9-3x64 

+9.5770 
—9.6355 
—9.6929 
— 9.59XX 
—9.6673 

+  x.x33o 
X.1287 

1.X284 
X.X27X 
1.X267 

—9.8667 
9.8703 
9.8706 
9.8716 
9.8719 

906 
907 
908 
909 
910 

8.7398 
0.1568 
8.7375 
8.65oo 
9.1484 

8.79x5 
9.2225 
8.8092 

8.7254 
9.2285 

+o.58o4 
— 9.0770 
+0.3573 
+0,5273 
—9.2x38 

+8.5x23 
— 9.x 359 
—8.5260 
+8.0953 
—9.1275 

+8.9694 
— 9.93x5 

— 9 • 9090 
—9.3084 
—9.9366 

—9 .  5946 
+9.7933 
+9.5991 
—9.2538 
+9.7849 

I. 1244 
1.1x64 
X.XX29 
X.XX07 
1.X080 

9.8738 
9.8799 

9.8824 
9.8839 
9. •8859 

911 
912 
913 
914 

9x5 

8.9228 
8.6891 

9.0x24 
0 .  7400 
8.6242 

o.oo5i 
8.77x6 
9.1004 
8.8362 
8.7235 

+O.X2l3 

0.3953 
0.7304 
0.5984 
o.5xi4 

— 8.858 X 
-8.383X 
+8.9725 
+8.5540 
+7.8439 

—9.9466 
—9.8708 
+9.7232 
+9.2533 
—9.4745 

+9.7397 
+9-4983 
— 9.76x2 
— 9.6x01 
— 9.0x39 

I • 1066 
i.io65 
1.X033 
1.0984 
1.0964 

9.8868 
9.8869 
9.8890 
9.8923 
9.8935 

9x6 
917 
918 
919 
920 

8.6869 
.    8 . 6290 
8.6222 
8.6660 
8.7427 

8.7897 
8.7328 
8.7280 
8.7729 
8.8498 

0.3835 
0.5235 
0.4572 
0.5590 
0.6044 

—8.4095 
+8.02x2 
—7.9046 
+8 .  3324 
+8.5688 

—9.8938 
—9.3553 
— 9.76x0 
—8.28x0 
+9.3x37 

+9.5x47 
— 9.X837 
+9.0725 

— 9*6x55 

X.0943 
1.0936 

1.0924 
1.09x7 
I. 0916 

9.8949 
9.8953 
9 . 8960 

9.8964 
9.8965 

921 
922 
923 

924 
925 

8.6634 
8.669X 
8.72x7 
8.75o5 
8.6249 

8.77x9 
8.7820 
8.8357 
8.8688 
8.7529 

0.4028 
o.564o 
o.34x8 
o.6x32 
0.5370 

—8.3238 

+8.3584 
—8.5253 
+8.5935 
+8.1416 

—9.8732 
+7*9445 
—9.9238 
+9.3856 
—9.1652 

+9.4489 
—9.4752 
+9.5887 

—9.6254 
— 9.2929 

1.0007 
X.0880 
X.0873 
1.0846 
1.0784 

9.8970 
9.8987 
9.8991 
9 . 9007 
9,9042 

926 
927 
928 
929 
930 

8.6974 
8.6235 
8.6095 
9.2699 
8.64x2 

8.827X 
8.7578 
8.7468 
9.4085 
8.78x7 

0.3537 

0.4273 

+0.5269 

— 0.2904 

+0.402  X 

— 8.478X 
—8.x  608 
+8.0278 
— 0 . 2600 
—8.2949 

— 9.9x95 
—9.8358 
—9.3x62 
—9.9456 
—9.8765 

+9.5558 
+9.3095 
—9.x  885 
+9.7594 
+9.4217 

1.0773 
X.0744 
X.0724 
x.o7x5 
X.0703 

9 . 9048 
9 . 9064 
9.9075 
9.9079 
9.9086 

93  X 
932 
933 

934 
935 

8.5940 
8.5888 
8.60x4 
9.0096 
8.6558 

8.7362 
8.7402 
8.7532 
9.X675 
8.8x64 

0.4683 
0.4654 
0.4408 
0.7640 
0.5786 

—7.6737 
— 7.7229 
— 8.0390 
+8.9772 
+8.3939 

— 9.7229 
—9.7334 
— 9.807X 
+0.7786 
+8.9385 

+8.8467 
+8.8950 
+9.X98X 
— 9.724 X 
—9.4927 

X.0601 
i.o63x 
1,0628 
1.0587 
1.0569 

9.9092 
9.9x23 
9.9x24 
9.9x44 
9.9x53 

936 
937 
938 
939 
940 

8.5782 
8.6209 
8.9x94 
8.6oo4 
8.62x8 

8 . 7402 
8.7836 
9.0823 
8.7632 
8.7899 

0.4952 
0.5552 
0.7x85 
o.43x3 
0.401 X 

+7.2921 
+8.25x5 
+8.8692 
—8.1043 
—8.27x8 

— 9.5920 
—8.6064 
+9.7297 
— 9.8289 
—9.8796 

—8.4676 
—9.3839 
—9.7029 
+9.257X 
+9.3995 

1.0559 
I .o554 
i.o554 
i.o554 
x.o5x7 

9.9x57 
9.9x60 
9.9x60 
9.9x60 
9.9x77 

941 
942 
943 

944 
945 

8.5749 
8.6x20 
8.5959 
8.6007 
8.5856 

8.7433 
8.7856 
8.7695 
8.7745 
8.7619 

0.4735 
0.5546 
0.5401 
0.4207 
0.5309 

—7.5093 
+8.2359 
+6.X240 
—8.1635 
+8.0334 

— 9.7020 

—8.6464 
— 9.x 082 
—9.8498 
— 9.2629 

+8.6838 
—9.3697 
—9.2738 

+9.3084 
— 9.X917 

i.o5x6 
1.0480 
i.o48o 
1.0479 
i.o46x 

9.9x77 
9.9x94 
9.9x94 
9.9194 
9.9202 

946 

947 
948 

949 
950 

8.6597 
8.64x0 
8.6x83 
8.8x32 
—8.5730 

8.8372 
8.8257 
8.8043 
9 . oo4o 
— 8 . 7669 

0.3537 
o.58xx 
0.5665 
0.1422 
+0.4384 

— 8.43o3 
+8. 383 1 
+8.3007 
— 8.733 X 
— 8.0x75 

— 9.925X 
+9.0022 
+8.3579 
—9.9732 
-9.8137 

+9.5x36 
—9.4802 
—9.4196 
+9.6537 
+9.X76X 

1.0453 
i.o4o3 
1.0394 
i.o36o 
+  I.0338 

9.9206 
9.9228 
9.923X 
9.9246 
— 9.9255 
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GATAiiOOUE   OF   1500  Stars. 


No. 

B.A.C. 

ConfltelUtioa. 

Mag. 

RlgtiC  AtoMiolon, 
Jan.  1,  1890. 

Aiuioal 
Variation. 

Nortb  Polar  Diat., 
Jan.  1, 1850. 

AnmiM 
Tariatioii. 

95 1 

5285 

x6  Vnm  Minoris, 

C 

■4 

k,    m.       t. 

l5  49  3i.76» 

— 2.3i6 

XI  44  48. 0* 

+  10.81 

952 

5289 

6  Scorpii, 

IT 

3i 

49  47-"* 

+3.6x5 

xi5  4o  39.2* 

10. 85 

953 

5290 

48  Librae, 

4i 

49  47.74* 

3.349 

xo3  5o  32.5* 

10.78 

954 

5292 

Liipi, 

V 

41 

5o  XI •69 
5i  22.73* 

3.946 

127  57  44.5 

10.87 

955 

53o2 

1 3  Corone  Bor., 

€ 

4i 

2.487 

62  4i    4.7* 

10.70 

956 

53o3 

7  Scorpii, 

6 

3 

5i  28. 3x* 

3.535 

X12  II  24.8* 

10.68 

957 

5322 

44  Serpentis, 

IT 

41 

55  5o.i4 

2.58i 

66  46  31.7 

10.26 

958 

5323 

Norms, 

d 

5 

55  54.22 

4.198 

i34  45  4x.i 

10.49 

959 

5324 

5 1  Librae, 

41 

56    7.67* 

3.29X 

100  57  18.0 

10.34 

960 

5329 

8  Scorpii, 

^ 

2 

56  43. 3i* 

3.478 

109  23  25.3* 

10. 3o 

961 

533i 

Lupi, 

e 

41 

56  45.38* 

3. 921 
3.5o2 

126  23   21.3* 

10.35 

963 

5337 

9  Scorpii, 

«' 

41 

58     2.5.; 

no  i5  27.2 

10.17 

963 

5338 

6  Herculia, 

V 

5 

58     7.43* 

1. 861 

43  32  40.5* 

10. a4 

964 

5342 

ID  Scorpii, 

«• 

41 

58  36.94* 

3.5o8 

ixo  27  3x.o* 

10. i5 

965 

5347 

Scorpii, 

5 

58  59.55 

3.642 

1x5  55  i3.3 

10.17 

966 

5348 

x3  Draconis, 

e 

3 

59     5.22* 

1. 124 

3i     1  58.6* 

9.78 

967 

5375 

Triang.  Aust., 

d 

41 

x6     I  49.66 

5.364 

x53  17  41.7 

9.88 

968 

538x 

x3  Scorpii, 

c* 

5 

3    4.5o* 

3.689 

X17  3i  55.1* 

9.80 

969 

5382 

x4  Scorpii, 

V 

4 

3  17.04* 

3.478 

109     3  58.9* 

9.75 

970 

5386 

x5  Scorpii, 

V' 

5 

3  48.53* 

3.27X 

99  4o  16.8 

9.78 

971 

5388 

IX  Herculis, 

^ 

5 

4    2.x5 

1.869 

44  4o  10.8 

9.70 

972 

5406 

Draconis, 

5 

5  55. 91* 

0.X27 

21  47  39.6* 

9  .So 

973 

54i4 

X  Ophiuchi, 

6 

3 

6  29.31* 

3.x  38 

93  18  14.5* 

9.64 

974 

5420 

x8  Scorpii, 

5 

7  28.30* 

3.25o 

97  58     3.9 

9.96 

975 

5425 

Normae, 

7' 

5 

8  38.46 

4.455 

139  46  55.2 

9.52 

976 

5437 

2  Ophiuchi, 

e 

3 

10  23. 4i* 

3.168 

94  19  22.2* 

9.19 

977 

5439 

Apodis, 

7 

5 

10  36.26 

8.782 

168  33     7.8 

10.34 

978 

5447 

20  Scorpii, 

a 

4 

12    4.73* 

3.634 

1x5  i3  39.8* 

O.IO 

8.84 

979 

5456 

5o  Serpentis, 

a 

5 

i4  28.83 

3.o35 

88  36  49.4 

980 

5459 

• 

Draconis, 

5 

i4  45.56* 

+0.983 

29  5i  47.5* 

8.89 

981 

5462 

19  Ursae  Minoris, 

5 

i5     9.79* 

—1.863 

i3  44  49.0* 

8.86 

982 

5463 

22  Herculis, 

T 

4 

i5  13.93* 

+  1.799 

43  19  37.6* 

8.83 

983 

5466 

20  Herculis, 

7 

31 

i5  18.29 

2.645 

70  29  28.4 

8.80 

984 

5467 

4  Ophiuchi, 

^ 

5 

x5  19.86* 

3.5oi 

109  4o  53.4* 

8.90 

^85 

5473 

19  Coronae  Bor., 

1 

5 

x6  x5.27 

2.340 

58  45  22.3 

8.63 

986 

5477 

5  Ophiuchi, 

P 

5 

16  35.90 

3.586 

xi3     5  44.8 

8.72 

987 

5479 

20  Coronae  Bor., 

v« 

5 

16  42.67* 

2.261 

55  5o  4i.2* 

8.82 

1  988 

5480 

21   Coronae  Bor., 

v» 

5 

16  5o.23* 

2.269 

55  56  40.9* 

8.75 

989 

5489 

7  Ophiuchi, 
24  Herculis, 

X 

5 

x8  20.16* 

3.468 

X08     6  4o.i* 

8.60 

990 

5490 

u 

5 

18  29.44 

2.752 

75  37     2.5 

8.62 

991 

5494 

Ophiuchi, 

5 

19  37.94 

3.225 

97  i4  5i.o 

8.5i 

992 

5495 

3  Ophiuchi, 
25  Herculis, 

V 

5 

19  41.78* 

3.254 

98     I  55.3* 

8.5o 

993 

5496 

5 

20     3.57 

2.i34 

52  i5  4o.8 

8.47 

994 

5498 

21  Scorpii, 

a 

I 

20  13.07* 

3.668 

116     5  38.9* 

8.49 

995 

55o2 

Draconis, 

5 

21     8.75* 

i.3oo 

34  27     6.9* 

8.39 

996 

55o8 

Scoipii, 
Apodis, 

4 

21  35. 4o* 

3.899 

124  22  24.8* 

8.43 

997 

55io 

P 

5 

21  49.41 

+8.3x3 

167  II  26.5 

8.63 

998 

55ii 

21  Ursae  Minoris, 

V 

5 

21  57.21* 

—  1.839 

i3  54     4.8* 

8. IS 

999 

55i2 

1 4  Draconis, 

V 

3 

21  58.36* 

+0.820 

28     8  42.4* 

8.34 

1000 

55i6 

8  Ophiuchi, 

^ 

41 

16  22  33.61* 

+3.430 

106  16  50.9* 

+  8.3o 
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No. 

95x 
952 
953 

954 
955 

Loguiduiui  of 

LogwrldUDs  of                             1 

a 

h 

c 

d 

a' 

h' 

c' 

d: 

—9.2468 
8.5999 
8.5675 
8.6568 
8.6oi3 

—9.4406 
8 . 7948 
8.7625 

8.8534 
8.8029 

—0.3701 

+0.5578 

0.5248 

0.5967 

0.3955 

— 9.2376 
+8.3367 

+7 -9464 
+8.4458 
—8.2631 

— 9.9605 
— 8.4i33 
—9.3418 
+9.2480 
—9.8888 

+9.7224 
—9.3676 
-9.1007 
—9.5x86 
+9.3878 

+I.0338 
i.o33x 
i.o33o 
i.o3i9 
1.0283 

— 9.9255 
9.9258 
9.9258 
9.9263 
9.9377 

956 
957 
958 
959 
960 

8.5831 
8.5730 
8.6848 
8.5433 
8.5588 

8.7851 
8.7935 
8.9056 
8.765i 
8.7832 

0.5481 
o.4ii5 
0.6240 
0.5175 
0.5409 

+8.i6o3 
-8.1688 

+8.5324 
+7.8^22 
+8.0800 

—8.9x38 
—9.8673 

+9 -4703 
— 9.4203 
— 9.094X 

t 

—9 .  3029 
+9.3082 
— 9.5598 
— 8 . 9903 
—9.2307 

1.0280 
i.oi46 

I. 0144 
1.0x37 

1.01x8 

9.9378 
9.9329 
9.9330 
9.9332 
9.9339 

961 
962 
963 

964 
965 

8.6276 
8.5570 
8.6908 
8.5557 
8.5722 

8.8520 
8.7870 
8.9212 
8.7882 
8.8064 

0.5929 
0.5436 
0.2691 
0.5442 
o.56oi 

+8.4008 
+8.0964 
—8.55x1 
+8.0992 
+8.2128 

+9.2047 
—9.0362 
— 9.9655 
— 9.0212 
— 8.X038 

—9.4827 

—9.2447 
+9.5653 
— 9.2470 
—9.3429 

X.0117 
1.0076 
1.0073 
1.0057 
I . oo45 

9.9339 

9.9354 
9.9355 
9.9360 
9.9364 

966 
967 
968 
969 
970 

8.8i36 
8.8642 
8.5648 
8.5364 
8.5i64 

9.0482 
9.1108 
8.8170 
8.7895 
8.7718 

0 . 0609 
0.7310 
0.5657 
0.5408 
o.5i45 

-8.7465 
+8.8i52 
+8.2297 
+8.o5o5 
+7.7417 

— 9.9841 
+9.7651 
+8.2695 
— 9.0969 
—9.4486 

+9.6349 
—9.6439 
—9.3536 

— 0.202X 
— O.9XX5 

I . 0042 
0.9951 
0 . 9909 
0.9902 
0.9885 

9.9365 
9.9395 
9.9408 

9.9411 
9.9416 

971 
972 
973 

974 
975 

8.6624 
8.9331 
8.5oi6 
8.5oi6 
8.6832 

8.9188 
9.1981 
8.7690 
8.7735 
8 . 9605 

0.2759 
9.1222 
0.4967 
o.5ioo 
o.65o2 

-8.5x44 
— 8 . 9009 
+7.2622 

+7.6434 
+8.5661 

— 9.9672 
—9.9899 
—9.5826 
—9.4880 
+9.5966 

+9.5374 
+9.6467 
—8.4376 

—8.8x53 
— 9.55:^2 

0.9877 
0.9811 
0.9792 
0.9757 
0.9715 

9.94x9 
9.9438 

9.9444 
9.9454 
9 . 9466 

976 

977 
978 

979 
980 

8.4881 

9.1884 
8.5242 

8.4717 
8.7734 

8.7735 
9.4747 
8.8174 
8.7763 
9.0792 

0.4997 
0.95x1 
o.56o2 
0.4831 
+9.9927 

+7.3653 
+0.1797 
+8.1538 
—6.8555 
—8.7115 

—9.5632 
+9.8945 
— 8.1072 
—9.6585 
—9.9972 

—8.5402 
—9.6535 
—9.2864 
+8.o3x4 
+9.5848 

0.9652 

0.9644 
0.9590 

0.9499 
0 . 9489 

9.9483 
9.9485  ' 
9 . 9500 
9.9522 
9.9525 

981 
982 
983 

984 
985 

9 . 0932 
8.6323 

8.4941 
8.4945 
8.5328 

9 . 4009 

8.9404 
8.8026 
8.8o3i 
8.8459 

— o.263o 

+o.255o 

o.42a5 

0.5440 

0.3694 

— 9 . 0806 

—8.4941 
—8.0x78 
+8.02x8 
— 8.2477 

—9.9888 
— 9.9780 
— 9.85o5 
— 9.0265 
— 9.9229 

+9.6326 
+9.5066 
+9.1682 
—9.17x8 
+9.3558 

0.9474 
0.9470 
0.9468 
0.9467 
0.9431 

9.9529 
9.9530 
9.9530 
9.9530 
9.9539 

986 
987 
988 
989 
990 

8.4997 
8.5452 

8 . 544a 
8.4786 
8.4698 

8.8x44 
8.86o5 
8.8601 
8.8018 
8.7937 

0.5543 
o.353o 
0.3535 
0.5398 
0.4410 

+8.0933 
—8.2945 
— 8.2924 
+7.97x2 
—7.8649 

—8.6646 
—9.9368 

—9.9364 
—9.1x96 
—9 .  8094 

— 9.233x 
+9-3884 
+9.3867 
—9.1252 
+9.0272 

0.94x7 
0.9413 
0.9408 
0.9349 
0.9343 

9.9542 
9.9543 

9.9544 
9.9558 
9.9559 

991 
992 

993 

994 
995 

8.4548 
8.4554 
8.55i5 
8.4957 
8.6926 

8.7843 
8.7852 
8.8832 
8.8281 
9 . 0296 

o.5o85 
o.5io8 
0.3289 
0 . 564o 
o.ix4o 

+7.5557 
+7.6006 
—8.3383 
+8.1390 
—8.6088 

— 9.5000 
—9.4817 
—9.9533 
+7.9590 
—9.9976 

—8.7284 
—8.7724 
+9.4125 

—9.2684 
+9.5375 

0.9297 
0.9294 
0.9279 
0.9273 
0.9235 

9.9570 
9.9570 
9.9573 
9.9575 
9.9583 

996 

997 
998 

999 
1000 

8.5267 
9 . 0966 
9.0611 
8.7681 
—8.4571 

8.8659 
9.4370 
9.4022 
0.1092 
—8.8012 

0.5913 
+0.9253 
— 0.2658 
+9.9012 
+0.5348 

+8.2784 
+9.0857 
— 9.0482 

—8.7x34 
+7.9048 

+9.1906 
+9.8981 
—9.9945 
— o.oo3o 
—9.2074 

— 9.37x1 
— 9.6075 
+9.6o5o 
+9.5632 
— 9.063 I 

0.9216 

'0.9207 

0.9201 

0.9201 

+0.9176 

9.9587 
9.9589 
J9.9590 
9.9590 
— 9.9595 
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No. 

:ooi 
1 002 
ioo3 

ioo4 
ioo5 

B.A.C. 

CoDsteUstton. 

M««. 

Right  AocensiOQ, 
Jan.  1, 1850. 

▲anoid 
VariaUon. 

North  Fotar  Dlst. 
Jan.  1,  1850. 

Annual 
Vnr  atMO. 

55i9 
5520 
5523 
5525 
5532 

9  Ophiuchi, 
xo  Ophiuchi, 
3o  Herculis, 
27  Herculis, 
29  Herculis, 

f 

.A 

5 

4 
5 

ai 
4i 

k,    m,       a. 
x6  23  i5.io* 

23  21. x6* 
23  43. o5* 
23  46.43 
25  35.41 

+3.546 

3.027 
1.069 
2.576 
2.806 

9        '        " 

XXX     8  25. &• 
87  4i     0.7* 

47  47     7-5* 
68  10  45.9 
78  II     6.6 

1 

+  8.14 
8.27 
8.09 
8,17 
8.08 

1006 
1007 
1008 
1009 

lOIO 

5536 
5538 
5539 
5545 
5547 

Trian^.  Aust., 

Scorpii,' 
23  Scorpii, 
1 5  Draconis, 
X2  Ophiuchi, 

T 

A 

5 

5 

4i 
5 

26    3.79 
26  3o.8x 
26  33.i3» 

28    18. 10* 

28  28.89 

6.165 

3.932 

+3.725 

— o.i48 

+3.X44 

1 57  59  s6.4 

124  56  29.5 

XX7  53  58. 0* 

20  54  26.9* 

91  59  59.1 

8.35 
8.09 

7.94 

7-791 
8.12 

lOXI 

1012 
ioi3 

ioi4 
iox5 

5548 
5552 
5554 
5578 
5579 

1 3  Ophiuchi, 
35  Herculis, 

Are, 

Triang.  Aust, 

Ophiuchi, 

a 
a 

3i 

4 

4 

2 

5 

28  54.21* 

29  x6.io* 
29  41.91 
32  5o.i3 
32  54.17* 

3.299 
1.932 
5.263 
6.263 
3.46X 

100  i5  3i.3* 
47   i5     3.1* 
i5o  37  16.4 
i58  44  34.6 
X07  26  48.7* 

7.73 
7.69 
7.70 
7.53 
7«4i 

10x6 
1017 
1018 
1019 
1020 

5596 

56o4 
5609 
56x7 
5621 

42  Herculis, 
4o  Herculis, 

Are, 
44  Herculis, 

43  Herculis, 

V 
V 

1 

5 
3 

41 

3 

5 

34  40.64* 

35  37.99* 

36  5i.64 

37  45. 3o* 

38  38. o5 

1.629 

2.265 

5.X35 
2.o54 
2.876 

4o  46  34.0* 
58     7  20. 4* 
i48  45  55.6 

5o    47    22.3* 

81     8  22.9 

7.3i 
6.79 
7.13 
7. IX 
6.93 

1 02 1 
1022 

1023 

1024 

1025 

5628 
5632 
5637 
5638 
564o 

x8  Draconis, 
26  Scorpii, 
20  Ophiuchi, 
Scorpii, 
Scorpii, , 

e 
A** 

5 
8 

5 
3 

4 

39  53.4a* 

40  27  .'43* 
4x  32.39* 
4i  43. i5 
42  11.07 

0.393 
3.875 
3.3x2 
4.047 
4.044 

25     7  34.5* 
124    0  58. 0* 
100  3o  46.6* 
127  47     4.1 
127  45  22.0 

6.92 
7.12 
6.81 
6.85 
6.79 

1026 
1027 
X028 
1029 
io3o 

5643 
5648 
565i 
566x 
5666 

Draconis, 
47  Herculis, 
Scorpii, 
Scorpii, 
5o  Herculis, 

k 

5 
5 

4i 

3 

5 

4a  26.93 
43    2.45 

43  25.40 

44  2.33 
44  47.81 

I.  125 

2.909 
4.202 

4.197 

2.338 

32  56  57.5 

82  29  19.7 

i32     6  24.8 

x32     5  56.3 

59  56    4.4 

6.66 
6.59 
6.72 
6.90 
6.46 

io3x 
xo32 
io33 

xo34 
xo35 

5667 
5683 
5688 
5692 
5693 

52  Herculis, 
Are, 

23  Ophiuchi, 
25  Ophiuchi, 

53  Herculis, 

c 

5 

3i 

5 

4 
5 

44  50.79* 
46  x3.56 
46  34.93 

46  54. 8x* 

47  16. 85* 

1.745 
4.935 
3.2o3 
2.836 
2.269 

43  45  10. I* 
x45  44  45.2 
95  54  i4-5 
79  35     1.2* 
58     2  49.1* 

6.53 
6.41 
6.41 
6.33 
6.26 

xo36 
xo37 
xo38 
1089 
io4o 

5697 
5708 
57x3 
573x 
5735 

Are, 
27  Ophiuchi, 

Are, 
58  Herculis, 

Scorpii, 

K 

4 
4 
5 
3 
5 

47  38. 81 
5o  34.21* 
5i  10,97 
54  33.10* 
54  57.65* 

4.7^8 
2.838 
4.765 

2.294 
3.926 

x4a  55  23.3 
80  23  i5.8* 

143     0  X4.9 
58  5o  58.2* 

123  54  23. 0* 

6.28 
5.96 

5.67 

io4i 
1042 
io43 

io44 
1045 

5740 

5747 
5765 

5778 

5780 

19  Draconis, 

59  Herculis, 

60  Herculis, 
Scorpii, 

22  Urse  Minoris, 

d 

V 

5 

5 

5 

3i 

4 

55  X2.74* 

56  4.07* 
58  25.43 

17     X  24.62 
1  31.25* 

o.3o3 

2.21X 

2.78X 

+4.271 

— 6.522 

24  38    8.6* 
56  12  4x.i* 
77     2  55.6 
i33    2     4.8 
7  43  27.9* 

5.58 

5,49 
5.3o 
5.40 
5.06 

io46 

io47 
io48 

1049 
io5o 

5781 
5785 
5788 
58b2 
58o8 

35  Ophiuchi,  * 
21  Draconis, 

Herculis, 
37  Ophiuchi, 

36  Ophiuchi, 

n 
A« 

2i 

4 
5 
5 

4\ 

1  46.73* 

2  i3.66* 
2  43.98 
5  23.65 

17     6     7.65* 

+3.435 

1.236 

2.123 

2.825 

+3.683 

io5  32     2.3* 
35  19  5o.7* 
53  52     0.0 
70  x3  43.2 

1x6  22  37.3* 

4.9a 

4.97 

4.98 

4.74 

+  5.8x 
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No. 
lOOI 

Logarithm!  of 

Logwttlumi  of                             1 

a 

h 

c 

d 

a' 

&' 

e 

df 

-8.4667 

—8.8x43 

+0.5493 

+8.0237 

—8.8797 

— 0.1696 
+8.2187 

+0.9x47 

— 9.9601 

IQ02 

8.4363 

8.7845 

o.48o2 

— 7.0429 

— 9.6726 

0.9143 

9.9602 

looS 

8.5648 

8.9148 

0.2929 

—8.3921 

—9 .  9708 

+9-4378 

0.9x27 

9.9606 

ioo4 

8.4665 

8.8x67 

0.4XX9 

—8.0367 

—9.8706 

+9.1805 

0.9x25 

9.9605 

ioo5 

8.4357 

8.7953 

0.4494 

—7.7469 

—9.7870 

+8.9137 

0.9047 

9.9621 

1006 

8.85o6 

9.2126 

0.7856 

+8.8177 

+9.8374 

—9.5676 

0.9026 

9.9625 

X007 

8.5087 

8.8731 

0.5942 

+8.2667 

+9.2307 

—9.3564 

0.9007 

9.9628 

1008 

8.4759 

8.84o4 

+0.5706 

+8,x46o 

+8.6637 

—9.2684 

0.9005 

9 . 9629 

1009 

8.86x9 

9.2357 

— 9.X84I 

—8.8324 

—0.0066 

+9.66x0 

0.8928 

9.9643 

lOIO 

8.4x39 

8.7886 

+0.4933 

+6.9567 

—9.6037 

—8.1325 

0.8919 

9.9644 

lOII 

8.4x87 

8.7957 

0.5x77 

+7-6694 

— 9.4196 

—8.8385 

0.8900 

9.9648 

XOI2 

8.5442 

8.9231 

0.2856 

—8.3759 

—9.9754 

+9.4x79 

0.8884 

9.9650 

xox3 

8.7x74 

9.0986 

0.72x3 

+8.6576 

+9.7721 

— 9.5244 

0.8864 

9.9654 

xoi4 

8.8342 

9.2324 

0.7967 

+8.8o36 

+9.85ox 

— 9.5390 

0.87x8 

9.9678 

10x5 

8.4x37 

8.8x22 

0.5392 

+7.8905 

—9.1323 

—9.0462 

0.8715 

9.9679 

IOI6 

8.5697 

8.9781 

o.2xx3 

— 8.4490 

— 9.995X 

+9 -4401 

o.863o 

9 . 9692 

X0I7 

8.45xo 

8.8648 

0.3607 

—8.1738 

— 9.9351 

+9.2789 

0.8584 

9.9699 

xox8 

8.6592 

9.0799 

0.7103 

+8.59x2 

+9.7592 

— 9.4820 

0.8523 

9.9708 

X019 

8.48o3 

8.906X 

o.3xx6 

—8.28x1 

—9.9676 

+9-3464 
+8.7287 

0.8478 

9.97x4 

1020 

8.3702 

8.80x2 

0.4587 

—7.5578 

—9.7583 

0.8433 

9.9720 

I02X 

8.73o5 

0.1688 
8.8787 

9.5935 

—8.6874 

—0.0149 

+9.4915 

0.8368 

9.9729 

1022 

8.4371 

0.5932 

+8.1848 

+9.22x2 

—9.2794 

0.8339 

9.9733 

X023 

8.3572 

8.8o53 

0.5191 

+7.6184 

— 9.4062 

—8.7871 

0.8282 

9.9740 

1024 

8.45xx 

8 . 9003 

0.6072 

+8.2384 

+9.3698 

—9.3x22 

0.8272 

9.9742 

1 025 

8.4485 

8.9004 

0.607X 

+8.2354 

+9.3698 

— 9 . 8096 

0.8247 

9.9745 

1026 

8.6095 
8.3455 

9.o63x 

o.o5io 

—8.5333 

— o.oxx8 

+9.4449 

0.8233 

9.9747 

1027 

8.8027 

o.463o 

—7.4619 

—9.7432 

+8.6342 

0.820X 

9.9750 

1028 

8.4694 

8.9289 

0.6245 

+8.2958 

+9.4933 

—9 .  3422 

0.8180 

9.9753 

1029 

8.4659 

8.9292 

0.6246 

+8.2923 

+9.4940 

—9.3388 

0.8x47 

9.9757 

io3o 

8.3949 

8.8629 

0.3688 

— 8 . 0947 

—9.9294 

+9.208X 

o.8io5 

9.9762 

io3x 

8.492X 

8.9603 

0.2427 

— 8.35o8 

— 9.9930 

+9.3667 

0.8102 

9.9762 

io32 

8.5737 

0 . o5o6 
8.8o36 

0.693X 

+8.49x0 

+9.7322 

—0.4175 

0.8024 

9.9771 

io33 

8.3244 

o.5o54 

+7.3367 

— 9.5239 

— 8.5io4 

0.8004 

9.9773 

xo34 

8.3274 

8.8087 

0.4529 

—7 .  5846 

— 9.777X 

+8.7535 

0.7985 

9.9775 

io35 

8.3894 

8.8730 

0.3576 

— 8.ix3x 

—9 .  9400 

+9.2178 

0.7964 

9.9778 

xo36 

8.5357 

9.0217 

0.6769 

+8.4376 

+9.6962 

— 9 . 3940 

0,7943 

9.9780 

1037 

8.3o47 

8.8098 

0.4555 

—7.5274 

— 9.7689 

+8.6974 

0.7769 

9.9798 

io38 

8.5x55 

9.0246 

0.678X 

+8.4x78 

+9.7005 

—9.3733 

0.7732 

9.980X 

X039 

8.34x3 

8.8736 

o.36o8 

— 8.o55x 

—9.9384 

+9.X635 

0.7520 

9.982X 

io4o 

8.3520 

8.8871 

0 . 5948 

+8.0985 

+9.2438 

—9.1937 

0.7494 

9.9823 

xo4x 

8.6495 

9.1863 

9.4330 

—8.6080 

—0.0228 

+9.4041 

0.7478 

9.9824 

1042 

8.344x 

8.8871 

0.3445 

—8.0893 

— 9.9520 
—9.8055 

+9.i85x 

0.7421 

9.9829 

X043 

8.259X 

8.8192 

o.443x 

— 7 . 6096 

+8.7745 

0.7262 

9.9841 

io44 

8.3629 

8.9457 

+o.63x3 

+8.1970 

+9.5354 

— 9.2370 

o.7o5i 

9.9857 

1045 

9.0976 

9.68x2 

— 0.8107 

— 9.0937 

— 0.0074 

+9.3982 

0.7044 

9.9857 

xo46 

8.24o3 

8.8259 

+0.5353 

+7.6681 

— 9.201X 

—8.8280 

0.7024 

9.9858 

1047 

8.4587 

9.0478 

0.0949 

—8.3702 

— 0.0175 

+9.3o85 

0.6991 

9.986X 

io48 

8.3xoo 

8.9030 

0.3273 

—8.0806 

—9.9647 

+9*1639 

0.6955 

9.9863 

1049 

8.2o46 

8.8x92 

o.45o8 

—7.4762 

—9.7838 

+8.6445 

0.6752 

9.9876 

xo5o 

—8.2388 

—8.8595 

+0.5700 

+7.8864 

+8.6365 

— 9.0x48 

+0.6694 

—9.9879 
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No. 

io5z 

B.A.C. 

CoMtdlatlon. 

Mag, 

Riffbt  AaecDsion, 
Jan.  1, 1850. 

ADDoal 
Variation. 

North  Polar  Diat., 
Jan.  1, 1890. 

Variation. 

58io 

Apodis, 
64  Herculis, 

C 

4 

k.     m.       t. 
17     6  22.89 

+6.258 

0       /        /« 
i57  36  19.4 

0^ 

+  4.69 

I052 

5821 

a 

3i 

7  48.53» 

2.734 

75  26    4.9* 

4.4b 

io53 

5823 

22  Draconis, 

c 

3 

8  21.92* 

0.159 

24    6     1.6* 

4.47 

io54 

58a8 

65  Herculis, 

d 

4 

8  52.29 

2.459 

64  58  49.8 

4.59 

io55  583o 

4x  Ophiuchi, 

4i 

8'55.i7 

3.082 

90  16  16.5 

4.49 

io56 

5834 

67  Herculis, 

IT 

3i 

9  49-5i 

3.088 

53     1     5.5 

4.32 

io57 

5843 

68  Herculis, 

u 

4 

II  47*34 

2.2X2 

56  44     5.1 

4.17 

xo58 

5844 

4o  Ophiuchi, 

i 

4i 

12     i.o4* 

3.592 

no  56  47*9* 

4.36 

io59 

5845 

53  Serpentis, 

V 

^^ 

12  23.58* 

3.371 

X02  4i  22.4* 

4.11 

1060 

5847 

69  Herculis,    - 

e 

4i 

12  3o.o3 

2.067 

52    32    52.1 

4.02 

1061 

585o 

Ars, 

y 

3 

12  46.98 

5.027 

i46  x3  43.8 

4*io 

1062 

585i 

42  Ophiuchi, 

e 

3i 

13  48.07* 

3.680 

1x4  5o  39.0* 

4.i5 

xo63 

5852 

Are, 

P 

3 

12  5o.58 

4*966 

x45  22  5o.8 

4.19 

1064 

5859 

Ars, 

iC» 

5 

i4  18. x4 

4.6x4 

x4o  29  25.9 

4 .04 

io65 

5876 

44  Ophiuchi, 

h 

5 

17  12.69* 

3.660 

1x4     I  54.4* 

3.80 

1066 

5877 

Ars, 

d 

4 

17  34. 5i 

5.390 

x5o  33     0.2 

3.80 

1067 

588i 

45  Ophiuchi, 
75  Herculis, 

d 

4 

17  46.77 

3.6x9 

1x9  43  32.9 

3.87 

1068 

5886 

P 

4 

18  3o.68 

2.073 

52  42  45.7 

3.59 

1069 

5893 

49  Ophiuchi, 

<f 

4fr 

19    4.47* 

2.977 

85  43  3o.2* 

3.54 

1070 

5899 

Ars, 

a 

3 

20  i5.43 

4*625 

139  45     0.5 

3.56 

1071 

5901 

34  Scorpii, 

V 

3i 

20  34. 3i 

4*071 

127  10     5.6* 

3.5i 

1072 

5907 

5 1  Ophiuchi, 

c« 

5 

22  16.01* 

3.660 

ii3  5o  28.3* 

3.3i 

1073 

5915 

35  Scorpii, 

7, 

3 

23  25.90 

4*072 

X26  59   16.  X* 

3.14 

1074 

5922 

76  Herculis, 

X 

4\ 

24  4o.6i* 

2.42X 

63  46  22.0* 

3. ox 

1075 

5935 

Scorpii, 

0 

3 

26  32.80 

4.3oi 

x32  53  45.6 

3.06 

1076 

5937 

23  Draconis, 

P 

2i 

27    2.72* 

1.353 

37  35     8.2* 

2.86 

1077 

5941 

55  Ophiuchi, 

a 

2 

27  58.35* 

2.781 

77  19  36. 0* 

2.98 

1078 

5949 

55  Serpentis, 

^ 

5 

28  59.06* 

3.433 

xo5  17  56.1* 

2.76 

1079 

5950 

24  Draconis, 

v> 

5 

29  i3.33* 

X.X79 

34  42  4x.x* 

2.66 

1080 

5951 

25  Draconis, 

v» 

5 

• 

39  18.79* 

1. 179 

34  43  33.7* 

2.67 

1081 

5953 

57  Ophiuchi, 

;* 

5 

29  4X.67 

3.259 

98     I   18.9 

2.63 

1082 

5959 

Octantis, 

a 

6 

3o    4 • 09 

107.604 

179  x6  2X.9 

2. 61 

io83 

5963 

Pavonis, 

V 

4i 

3x     1.52 

5.863 

i54  38  4o.o 

2.71 

io84 

5970 

Scorpii, 

K 

3 

32     7.07 

+4.I46 

128  56  47.4 

2.5x 

io85 

5972 

27  Draconis, 

f 

5 

32  34.31* 

— 0.256 

2x  46  II. 5* 

2.28 

1086 

5976 

56  Serpentis, 

0 

4i 

32  59.17* 

+3.369 

X02  47  24.5* 

2.38 

ro87 

5987 

58  Ophiuchi, 
85  Herculis, 

5 

34  26.58* 

3.594 

XIX   36  16.5* 

2.16 

1088 

5990 

I 

4 

35  i4.li* 

1.7x3 

43  54  4i.2* 

2.l5 

1089 

5996 

69  Ophiuchi, 

P 

3 

36    3.68* 

2.964 

85  21  56.7* 

1.9s 

1090 

6oo4 

Scorpii, 

t' 

H 

37    6.o5 

+4.200 

i3o     3  47.3 

2.l4 

1091 

6006 

28  Draconis, 

Q 

4 

37  5o.o3* 

— 0.368 

81   10  23.7* 

1.66 

1092 

6008 

3  Sagittarii, 

5 

38     7.11* 

+3.767 

117  46    4.8* 

1. 91 

1093 

6018 

Scorpii, 

4 

39  39.09 

4.083 

X26  59  29.2* 

1.85 

1094 

6020 

62  Ophiuchi, 
86  IiercnIiR, 

• 

r 

4 

40    22.23* 

3.004 

87  i3  55.2* 

1.79 

X095 

6oii 

A* 

4 

4o  35.46 

+2.344 

62  II   16.4 

8.42 

1096 

6047 

3 1  Draconis, 

^ 

41 

44  36.63 

— 1.096 
+3.852 

17  46  45.9* 

1.60 

1097 

6074 

Sagittarii, 

5 

49  27.22* 

120  i3  55.4* 

1. 00 

1098 

6077 

4  Sagittarii, 

5 

5o  38.09* 

3.661 

1x3  47  48.3* 

0.83 

1099 

6078 

64  Ophiuchi, 

V 

•4 

5o  46.22* 

3.3o4 

99  45     1.7* 

0.91 

1 100 

6079 

32  Draconis, 

^ 

H 

17  5o  56.33* 

+  X.036 

33    6     8.0* 

+  0.73 
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No. 

io5i 
io52 
io53 
io54 
io55 

LogHrithnui  of                             | 

Logaritlmii  of                            | 

a 

h 

e 

d 

a' 

h' 

c' 

df 

—8.6082 
8.1917 
8 . 5620 
8.2116 
8.1684 

— 9.2310 
8.8267 
9.2018 
8.8668 
8.8i3o 

+0.7943 
0.4366 
9.X967 
0.39x3 
0.4881 

+8.6741 
— 7.6923 

—8.6224 
—7.8378 
+6.8439 

+9.8668 
—9.8228 
—0.0282 
—9.9061 
•r-9.6329 

—9.3311 
+8.7542 
+9.3096 
+8.9711 
—7.0199 

+0.6674 
0.6669 
o.66i3 
0.6471 
0.6467 

—9.9880 
9.9886 
9.9889 
9.989X 
9.989X 

xo56 
1 067 
xo58 
1069 
X060 

8.2583 

8.2214 
8.1713 
8.1490 
8.2376 

8.9110 
8.8920 
8.8440 
8.8262 
8.9148 

0.3x97 
0.3460 
0.6628 
0.6270 
0.3x66 

—8.0376 
—7.9606 
+7.7246 
+7 -4908 
—8.0216 

—9.9703 
— 9.9639 
—8.7461 
—9.3191 
—9.9729 

+9.1161 
+9.0690 
—8.8710 
— 8.656X 
+9.0974 

0.6391 
0.6220 
0.6x99 
0.6x66 
0.6x56 

9.9896 
9.9903 

9.9904 
9.9906 
9.9906 

1061 
1062 
io63 

xo64 
xo65 

8.3898 
8.1768 
8.3798 
8.3171 
8.i3i9 

9 . 0697 
8.8668 
9.0602 
9.0116 

8.8667 

0.70x4 
0.6666 
0.6960 

0.6684 
0.663X 

+8.3096 
+7.8002 
+8.2961 
+8.2046 

+7.7417 

+9.7678 
+8.2430 
+9.7475 
+9.6813 
+7.6798 

— 9.2306 

-8.9341 
— 9.2267 
— 9.x 842 
^8.8784 

o.6i3i 
0.6129 
0.6126 
0.699X 
0.6708 

9.9907 
9.9907 
9.9907 
9.99x3 
9.9924 

1066 
1067 
1068 
1069 
1070 

8.3972 
8.i48i 
8.1786 
8.0746 
8.25o5 

9.1248 

8.8778 
8.9161 
8.8182 
9.6070 

0.7322 
0.6822 
o.3x68 
0.4731 
0.6662 

+8.3371 

+7.8434 
—7.9609 
—6.9470 
+8. 1 332 

+9.8079 
+9.0438 
—9.9737 
—9.7043 
+9.6734 

— 9.2049 
—8.9682 
+9.0377 
+8.1219 
— 9.1196 

0.6672 
o.565i 
0.6676 
0.66x7 
0.539X 

9.9926 
9.9926 
9*9928 
9.9930 
9.9934 

1071 
1072 
1073 

1074 
1075 

8.i56o 
8.0772 
8.1226 
8.0673 
8.1218 

8.9x61 
8.8667 
8.9169 
8.8669 
8.9644 

0.6096 
0.6627 
0.6091 
0.3838 
0.6334 

• 

+7.9372 
+7.6838 
4-7.9019 
— 7.7026 
+7.9647 

+9.3971 
+7.2563 

+9.3934 
—9.9170 
+9.6608 

—9.0147 
—8.82x1 

—8.9804 
+8.83x5 
— 8.9967 

0.5357 
o.5i68 
o.6o33 
0.4884 
0.4649 

9.9935 

9.9941 
9.9946 

9.9948 

9.9964 

1076 
1077 
1078 
1079 
1080 

8.1948 
7.9785 

7.9694 
8.1962 

8.1938 

9.0341 
8.83o4 
8.8366 
9 . 0646 
9.0644 

o.i3o8 
0.4429 
0.6367 
0.0637 
0.0640 

—8.0938 
—7.3198 
+7.3908 
— 8.1100 
—8.1086 

— 0.0208 
—9.8067 
— 9.1966 
— 0.0260 
— 0.0260 

+9.0662 
+8.4852 
—8.66x2 
+9.0416 
+9.o4o3 

0.4684 
o.446x 
0.4321 
0.4289 
0.4277 

9.9966 
9.9968 
9.9960 
9.996X 
9.9961 

1 081 
1083 
io83 

1084 
io85 

7.9483 
9.835i 
8.2929 
8.0172 
8.33i6 

8.8244 
0.7x67 
9.1888 
8.9299 
9.2616 

0.6x29 

2.o3i4 

0.7686 

+0.6173 

— 9.4o36 

+7.0930 
+9.8361 
+8.2489 
+7.8166 
—8.2996 

—9.4645 
+9.9938 
+9.8617 
+9.4671 
— o.o346 

—8.2648 

—9' "47 

—9.0667 

—8.8824 
+9.0448 

0.4223 
0.4x69 
0.4029 
0.3863 
0.3792 

9.9962 
9.9963 
9.9966 
9.9968 
9.9969 

1086 
1087 
1088 
1089 
1090 

7.9062 
7.9019 
8.oi56 

7.8434 
7.9390 

8.83x8 
8.8628 
8.9803 
8.8230 
8.9379 

+0.6279 
0.6669 
0.2279 
0.47x7 

+0.6222 

+7.2603 
+7.4680 
—7.8732 
—6.7608 
+7.7476 

—9.3084 
—8.6762 

—0.0074 
— 9.7100 
+9.4890 

-8.4x65 
—8.6x26 
+8.8903 

+7.9264 
—8.8076 

0,3726 
0.3486 
0.3360 
o.32o3 
o.3oix 

9.9970 
9.9973 
9.9976 
9.9976 
9.9978 

109X 
1092 
1093 
1094 
1095 

8.2610 
7.8662 
7.8693 
7.7666 
7.8046 

9.2641 
8.8761 
8.9x98 

8.8228 
8.8767 

—9.6623 

+0.6766 

0.6x00 

0.4780 

+0.3743 

—8.2206 
+7.6246 
+7-6487 
— 6.4406 

—7-4734 

— 0.0354 
+8.9020 
+9.4026 
— 9.6827 
— 9.9288 

+8.9645 
-8.6476 
—8.7272 
+7.616X 
+8.6962 

0.2870 

0.28x4 
0.2600 

0.2344 
0.2296 

9.9980 
9 . 9980 
9.9983 
9.9984 
9.9984 

1096 
1097 
1098 
1099 

IIOO 

8.1669 
.    7.6600 

7.4737 
7.4361 

—7.6836 

9.338x 
8.8869 
8.8621 
8.8299 
—9.0863 

—0.0373 
+0.6863 

0.6634 

0.6186 

+0.0092 

—8.1446 
+7.2620 

+7.0795 
+6.6639 

—7.6066 

— o.o346 
+9.X076 
+7.7782 
-9.4x26 
— o.o3v 

+8.8066 
—8.3646 
— 8.2x70 
—7.8337 
+8.6200 

0.1290 
9.9649 
9.9x34 
9.9071 
+9.8992 

9.9990 
9.9996 
9.9996 
9.9997 
—9.9997 
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No. 
IIOI 

B.A.C. 

Confltellatton. 

Mag. 

Right  Aaoenaion, 
Jan.  1,  1850. 

Animal 
Variation. 

North  Polar  Dial., 
Jan.  1, 1850. 

Annual 
Variat*n. 

6082. 

91  Herculifl, 

e 

4 

k.    m.        8. 
17  5l     6.67 

+  3.o55 

52  43  35.4* 

+0.73 

II02 

6084 

92  Herculis, 
07  Serpentis, 

i 

4 

5x  56. a4 

2.332 

60  43  56.6 

0.73 

lio3 

6o85 

C 

5 

52  33.77 

3.169 

93  4o  3i.o 

0.68 

11  o4 

6087 

94  Herculis, 

V 

5 

52  45.83» 

a.  296 

59  47  42.3* 

0.63 

iio5 

6089 

66  Ophiuchi, 

5 

52  50.09* 

2.971 

85  37    4.1 

0.6a 

iio6 

6091 

33  Draconis, 

7 

2 

53     7.45* 

1.394 

38  29  29.4* 

0.63 

1107 

6092 

67  Ophiuchi, 
93  Herculis, 

4 

53    8.35 

3.010 

87     3  24.5 

0.63 

1108 

6094 

5 

53  22.69* 

2.667 

73    l4    12.0* 

o.5i 

1109 

6100 

PaYonis, 

IT 

5 

54     7.20 

5.715 

i53  39  52.2 

0.57 

mo 

6io4 

69  OphiucM, 

T 

5 

54  55.01 

3.269 

98  10  27.9 

0.43 

iiii 

6io5 

Arae, 

0 

4 

54  57.59 

4.678 

i4o    5  4i.2 

0.52 

1112 

6107 

Sagittarii, 

./ 

4 

55  26.54 

3.84o 

119  34  53.0 

0.48 

iii3 

6110 

96  Herculis, 

5 

55  58.44 

+  2.564 

69    9  44.0 

o.3o 

iii4 

6ii4 

35  Draconis, 

5 

56  10. 3o* 

—  2.702 

i3     I  16. a* 

0.08 

iii5 

6ii5 

10  Sagittarii, 

/ 

4 

56  10. 68* 

+  3.858 

X20  25  12.5* 

0.57 

1116 

6x23 

70  Ophiuchi, 

4i 

57  52.35* 

3.028 

87  27  38.7* 

1.28 

1117 

6126 

Pavonis, 

i 

4i 

58  20.86 

5.539 

i5i  33  34.9 

o.i5 

1118 

6127 

Sagittarii, 

5 

58  34.97 

59  i3.82* 

3.795 

118  28    2.9 

0.23 

1119 

6129 

Herculis, 

5 

1.562 

4i  32  a5.7* 

0.07 

1120 

6i4o 

Telescopii, 

e 

4i 

18     0    5.90 

.4.456 

i35  58  24.7 

+o.o4 

1121 

6x43 

72  Ophiuchi, 

4 

0  i4.4i* 

2.844 

80  27  i3.a* 

— 0.10 

1122 

6x48 

Pavonis, 

5 

I  23. 3i 

5.639 

i53     5     6.9 

O.ll 

II23 

6x5o 

io3  Herculis, 

0 

4 

I  41.53* 

2.341 

61  i5  16.8* 

0.17 

1124 

6168 

1 3  Sagittarii, 

/« 

3i 

4  47.57* 

3.587 

III     5  33.8* 

0.43 

II25 

6178 

io4  Herculis, 

A 

5 

6  i5.65 

2.261 

58  37  43.7* 

0.62 

II26 

6186 

Sagittarii, 

V 

4 

7  28.60 

+  4*o56 

126  48    8.2* 

0.42 

II27 

6206 

4o  Draconis, 

5 

II  I 5.40 

—  4.459 

10     I  33.4 

1 .04 

II28 

6208 

4 1   Draconis, 

5 

II  21.57 

—  4.466 

10     I  21.7 

I  .o5 

1129 

6209 

19  Sagittarii, 

6 

3i 

XI  23.43* 

+  3.842 

119  53  10.6* 

0.94 

ii3o 

6218 

Lyrae, 

5 

12  21. 4i* 

1. 915 

49     7  I I. 7* 

1.08 

ii3i 

6223 

ib5  Herculis, 

5 

i3     0.36* 

2.471 

65  36  45.7* 

i.i4 

Il32 

6224 

36  Draconis, 

5 

i3     1.90* 

0.345 

25  39  11. I* 

i.i4 

ii33 

6229 

58  Serpentis, 

V 

4 

i3  33.14* 

3.102 

92  56     0.3* 

0.54 

ii34 

6233 

20  Sagittarii, 

e 

3 

i4  ia.94* 

3.987 

124  27      I.O* 

1.16 

ii35 

6235 

I  Lyrae, 

K 

4i 

i4  36.38* 

2.io3 

54     0    0.2* 

i.3i 

ii36 

6240 

Telescopii, 

a 

4 

I 5  50.92 

4.45i 

i36     2  42.3 

i.i5 

1137 

625o 

Telescopii, 

C 

4i 

17  i5.oi 

4.597 

139     8  42.5 

1.07 

ii38 

6253 

PaYonis, 

V 

5 

17  21.98 

5.644 

i52  21  55.6 

1.35 

1139 

6255 

Dracoms, 

5 

17  42. 5o* 

1.535 

4o  57     7.5* 

1.55 

ii4o 

6263 

22  Sagittarii, 

X 

4 

18  42.75* 

3.707 

1x5  29  56.7* 

1.41 

ii4i 

6278 

Telescopii, 

<J« 

5 

20  38.47 

4.445 

i36     0  34.3 

1.64 

ii4a 

6279 

Sagittarii, 

5 

20  38  96* 
20  43.54* 

+  3.419 

io4  39  23.9* 

1.70 
X.83 

1 143 

6281 

23  Ursas  Minoris, 

6 

3 

—19.293 

3  24  10. 0* 

ii44 

6282 

Telescopii, 

<5« 

5 

20  56.19 

+  4.438 

i35  5i   i3.5 

1.73 

1145 

6289 

39  Draconis, 

b 

5 

21  42.93* 

4-  0.876 

3i   17     5.6* 

X.94 

ii46 

6296 

Coronae  Anst, 

•  « 

5 

22  47.97 

+  4.3oi 

l32    24    52.2 

1. 86 

ii47 

6297 

43  Draconis, 

^ 

5 

22  54.25 

—  0.848 

18  44  36.9 

a. 01 

ii48 

63o2 

44  Draconis, 

X 

4^ 

23  45.53 

—  1.073 

17  19  59.1 

X.73 

1149 

63i5 

Pavonis, 

C 

4 

25  29.29 

+  7 -045 

161  32  44.6 

3.07 

ii5o 

635o 

Draconis, 

5 

18  3o  32. o5 

4-  i.36o 

37  45  5i.o 

—a.  66 

r 
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No. 


LofartttuM  or 


Loguithms  of 


[OI 

[oa 
:o3 
:o4 
:o5 

[o6 
[07 
[08 
[09 
10 

11 

13 

i3 

x4 
i5 

x6 

17 
18 

19 
20 

31 
32 
23 

24 
25 

26 
27 
28 
29 

;3o 

3i 
3a 
33 

34 
35 

36 

37 

38 

39 
[4o 

:4i 

[42 

[43 

[44 
[45 

[46 

:47 

[48 


-7.51x7 

7*4294 
7.3359 

7.3864 
7.3199 

7.5068 
7 . 3oo6 
7.3o35 
7.5860 
7-1743 

7.3589 
7.i83i 
7.0979 
7.6946 
7.1105 

6.7^4 

7 . oo4o 

6.67x0 

— 6.53IX 

+5.6x69 

5.8480 
6.9506 
6.7499 

7-1746 
7.3390 

7.4339 
8.2742 
8.2783 
7.5821 
7.6772 

7.6x83 
7 -9421 
7.5960 
7 . 7000 
7.7201 

7.8220 

7.8844 
8.0367 

7.8949 
7-7799 

7.9362 

7 • 79*4 
9 . 0062 
7.94XX 
8.0845 

7.9527 
8.3x6o 
8 . 3647 
8.3687 
-f8.x6ot 


-8.9228 
8.883o 
8.8246 
8.887X 
8.825o 

9.0296 
8.8243 
8.8426 
9.X768 
8.8282 

9.0166 
8.8845 
8.8532 

9.47" 

8.8882 

8.8243 
9.1461 
8,8799 
9.0023 
8.98x9 

8.83oo 
9.1681 
8.88x0 
8.8539 
8.8924 

8.9202 
9.5626 
9.5827 
8.8854 
8.9447 

8.8638 
9.1868 
8.8237 
8.9068 
8.9x5i 

8.9815 
9.0070 
9.X563 
9.0061 
8.8670 

8.9804 
8.8365 
0.0487 
8.9793 
9.X065 

8.9535 
9.3x48 
9.3475 
9.3208 
-9X>33o 


4-0, 3x26 
0.3658 
0.4992 
o.36o3 
0.4735 

o.i43o 

0.4774 
0.4262 
0.76x2 
o.5x36 

0.6692 

o.583x 

+0.4086 

-ro.433o 

+0.586X 

0.4788 

0.7434 
0.5793 
0.1936 
0.6487 

0.4543 
0.7562 
0.3687 
0.5546 
0.3533 

+0.6096 
— o.65x5 
— o.65x8 
+0.584X 
0.2822 

0.39x9 
9.4642 
0.4968 
o.6oo5 

0.3225 

0.6488 
o . 6639 
0.7495 
0.1860 
0.5689 

0.6484 
+0.5339 
-~x.286i 
+0.6476 
+9.9446 

+0.632X 
— 9.9293 
—0.0757 
+0.8483 
+O.X335 


d 


—7.2939 
— 7.XX86 
+6.1428 
— 7.088X 
— 6.2o3i 

—7.4004 
— 6.oxxa 
—6.7636 
+7.5385 
+6.327X 

+7.2438 
+6.8765 
— 6.6490 
—7.6833 
+6.8x49 

—5.4379 
+6.948X 
+6.3492 
— 6.4o53 
—5.4736 

+5.0677 
— 6 . 9008 
+6.43x9 
— 6.7307 
+7.0455 

— 7.2xx3 
+8.2675 
+8.2716 
— 7.2796 

+7.4931 

+7.934X 
+7.8970 
6.3o5o 
— 7.4526 
+7.4893 

— 7.679a 
—7.763a 
— 7.984X 
+7.7730 
—7.4x39 

—7.7932 
— 7.1955 

+9.0054 
—7.7970 
+8.0x63 

—7.7817 
+8.2923 
+8.3445 
—8.3458 
+8.o58x 


-9.9780 
-9.o38x 
-9.0670 

-9.9434 
-9.7068 

— 0.0232 
—9.6855 
—9.8475 
+9.8472 
—9.4585 

+9.6889 
-}-9.o652 
—9.88x6 
— o.o3o2 
+9.X209 

— 9.6793 

+9.8278 
-i-8.9786 

— 0.0x55 
+9.6206 

—9.7737 
+9.8422 
-9.9352 
—8.6542 
—9.9498 

+9.4000 
— o.o25o 
— 0.0249 
+9.0846 
-9.99x9 

— 9.907X 
— o.o366 

—9.5824 
+9.3x53 
—9.9721 

+9.6201 

+9.6724 
4-9.8339 
— 0.0x60 
+8.5739 

+9.6x83 
— 9 . 3348 
— o . 0086 
+9.6x53 
— o.o3x9 

+9.5451 
— o.o34x 
— 0.0339 
+9.9060 
— 0.0309 


A' 


+8.3708 
+8.2354 
—7.3x80 
+8.3008 
+7.3779 

+8.3706 
-I-7.X867 
-[-7.9208 
-8.36x6 
—7.4988 

— 8.227X 
— 7.9920 
+7.7957 
+8.2x22 
— 7.9267 

+6.6x36 
— 7.8020 
—7.4693 
+7.4o3o 

+6.4917 

—6.2377 
+7.7327 
— 7.5509 

+7.8767 
— 8.x529 

+8.2909 

—8.6844 
—8.6883 
+8.3937 
—8 .  5477 

-8 . 3696 
— 8 . 7095 
+7.4805 

+8.5449 
—8.5733 

+8.6067 
+8.7549 
+8.8265 
—8.7656 
+8.5455 

+8.8XXO 
+8.3573 
— 8.9550 
+8.8160 
—8.9078 

+8.8260 
—8.9753 

—8.9947 
+9.0223 

— 9.02x2 


+9.8908 
9.8484 
9.8x33 

9.8014 
9.7970 

9.7702 
9.7784 
9 . 7630 

9.7XX4 
9.6482 

9.6444 
9.6008 
9.5468 
9.5257 
9.5245 

9.2693 

9.X601 

9.0933 

+8.83x0 

—7.9372 

8.3ao2 

9.0847 
9.X7XX 
9.6227 
9.7386 

9.8157 
9.9933 
9.9972 

9.9984 
o . o34o 

o . o56o 
o.o568 
0.0737 
0.0946 
o.xo63 

o.x4x7 
0.X784 
o.i8x3 
0.X897 
.  0.2x37 

0.2562 

0.2563 
o.258o 
o . 2623 
0.2783 

0.3993 
o.3oi2 
0.3x71 

0.3475 

— 0.4255 


d' 


■9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

o 
o 
o 
o 
o 

o 
o 
o 

9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
•9 


9997 

9997 
9998 

9998 

9998 

9998 
9998 
9998 

9999 
9999 

9999 
9999 
9999 
9999 
9999 

0000 
0000 
0000 
0000 

OOQO 

0000 
0000 
0000 

9999 
9998 

9998 
9995 
9995 
9995 

9994 

9993 
9993 
9992 
9992 
9991 

9990 
9988 
9988 
9987 
9986 

9982 
9982 
9982 
9982 
9981 

9979 
9978 

9977 
9973 

9?5L. 
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No. 

ii5i 

B.A.C. 

CoiuMoUitkHu 

Mac. 

Riffat  Aieenslon, 
Jan.  1, 1850. 

Annual 

North  Polar  Dtec.. 
Jan.  1, 1850 

ABBaal 
Variation. 

635a 

PaYooiB, 

5 

Am.       «. 
x8  3o  43.39 

+5.937 

x55    0    9.9 

—  3.70 

Il52 

6355 

3  Lyrae, 

a 

I 

3i  5x.56» 

a.o32 

5x   21  10.9* 
i55  i3  3i.3 

3.06 

1x53 

636o 

Pavonis, 

e 

5 

33  5x.52 

5.888 

3.80 

1x54 

636i 

2  Aquile, 

5 

34    3.69 

3.289 

99  11  27.5 

a. 97 

xx55 

637  X 

27  Sagittarii, 

^ 

4i 

36  16. 97* 

3.758 

117      8   22.3* 

3.i3 

xi56 

6383 

PaYoniB, 

X 

5 

38  19.00 

5.620 

i53  31     1.9 
69  35  36.3 

3.33 

xx57 

6387 

xxo  Herculisy 

5 

39  13.47 

2.585 

3.06 

xx58 

6390 

4  Lyne, 

e» 

5 

39    22. X3* 

1.986 

5o    39       3.1* 

3.5o 

xx59 

639X 

5  Lyrae, 

e» 

5 

39  24.46* 

Z.988 

5o  33  38.x* 

3.5x 

xi6o 

6392 

6  Lyne, 

C" 

5 

39  36.35 

2.064 

53    33    52.4 

3.5a 

ii6x 

6395 

46  Draconisy 

c 

5 

39  43. 4x* 

1. 160 

34  36  39.0* 
x57  24  48.9 

3.46 

ii6a 

64o5 

Pavonia, 

K 

5 

4i  28.09 

6.259 

3.53 

1x63 

64x9 

Dracooia, 

5 

43  21.55 

1.339 

37  10  29.9 

3.77 

xx64 

6429 

10  Lyne, 

P 

3 

44  32.5o» 

2.2X5 

56  48  3o.4* 

3.85 

xi65 

6434 

3a  Sagittarii, 

V» 

5 

45    6.65* 

3.627 

1x2  55  25.9* 

3.93 

1x66 

644o 

34  Sagittarii, 

0- 

3 

45  57.78* 

3.729 

1x6  28  38.8* 

3.92 

1x67 

644i 

35  Sagittarii, 

V* 

5 

46    2.95* 

3.632 

1x2  5x     9.8* 

4.0a 

xx68 

6452 

Draconia, 

5 

48  i3.o2 

1.349 

37  x3  XX. X 

4.19 

1 169 

6453 

xx3  Herculia, 

5 

48  25.24 

2.535 

67  32  29.0* 

4.27 

1x70 

646o 

63  Serpentia, 

^ 

4i 

48  45.58* 

2.982 

85  59  x4.i* 

4.34 

XI7X 

646 1 

37  Sagittarii, 

^ 

4 

48  46.64* 

3.583 

III  17  55. o* 

4.24 

XX73 

646a 

Seipentia, 

5 

48  47.04* 

2.983 

85  59  19.7* 
3o  47  37.8* 

4.36 

XX73 

6463 

47  Draconia, 

0 

5 

48  58.86* 

0.886 

4. 25 

1174 

6466 

12  Lyre, 

6* 

5 

49  i5.63 

+2.099 

53  17  18.3 

4.33 

XX75 

6469 

Draconia, 

5 

49  28.82 

—1.449 

x6     5  22.1 

4.43 

1x76 

6475 

x3  Lyr», 

5 

5o  46.16* 

+  i.8a5 

46  x4  56.7* 

4.4x 

1177 

6478 

5o  Draconia, 

5 

5x  10.70 

— X.90X 

x4  44  49<7 

4.46 

1 178 

6487 

1 3  Aquile, 

e 

3i 

5a  48. 9x* 

+8.733 

75     7  53.9* 

4.48 

1179 

6489 

38  Sagittarii, 

c 

3i 

53    3.77* 

3.838 

X20      5    20.3* 

4.57 

1 180 

6491 

1 4  Lyre, 

y 

3 

53  20.01 

2.a44 

57  3o  45.3 

4.65 

1x81 

6496 

48  Draconia, 

• 

5 

54  12.66* 

1. 018 

33  33  57.5* 

4.63 

1182 

65o7 

39  Sagittarii, 

0 

4i 

55'4x.43* 

+3.600 

XXX  57  ax.o* 

4.80 

1x83 

65x0 

5a  Draconia, 

V 

5 

56  x3.oi* 

— 0.708 

x8  54  i5.o* 

4.93 

1x84 

65x1 

Corone  Auat, 

r 

5 

56  X6.72 

+4.073 

137  x6  33.x 

4.5o 

1x85 

652X 

4o  Sagittarii, 

T 

4 

57  34.27* 

3.755 

1x7  53     3.7* 

4.76 

1x86 

6523 

Coronae  Auat., 

6 

5 

57  53.97 

4.184 

x3o  43  23.8 

4.87 

1x87 

65a6 

x6  Aquilae, 

\ 

3 

58  X7.35 

3.187 

95     6  10.8 

4.98 

1x88 

6528 

X7  Aquilae, 

C 

3 

58  30.90* 

a.  755 

76  2x   19.9* 

5. ox 

1x89 

6535 

Coronae  Auat., 

a 

4i 

59  X5.9X 

4*098 

X28     7  54.4 

4.97 

1190 

654x 

Coronae  Auat, 

p 

5 

59  42.46 

4.143 

129  34  23.6 

5.08 

1X9X 

6548 

4 1  Sagittarii, 

IT 

Ak 

X9    0  5o.33* 

3.575 

XXX   i5  34.4* 

5.a7 

1193 

6564 

20  Aquilae, 

5 

4  33. 4o* 

3.a6o 

98  IX     7.6* 

5.59 

1193 

6575 

42  Sagittarii, 

i' 

5 

6  20.44 

3.687 

1x5  3o  33.8 

5.74 

1x94 

658  X 

20  Lyrae, 

n 

5 

8  39. ax 

8.o4a 

5x     6  32.7 

5.97 

XX95 

6583 

53  Draconia, 

5 

8  5o.o9* 

x.x36 

33  23  4x.3* 

5.98 

X196 
"97 

6584 
6589 
6595 

43  Saffittarii, 
X  VuTpeculae, 

d 

5 
5 

8  5i.2o* 

9  46.18 

3.5x9 
3.58i 

XOO    12    53.2* 

68  52  IX. 9 

5.98 
6.07 

XX98 

a  5  Aquilae, 

0 

5 

10  46.70 

3.8x8 

78  4o  i3.i 

6.16 

"99 

6599 

2X  L3rne, 

e 

5 

II     9.66* 

3.080 

52     7  5o.o* 

6.x3 

1200 

660  X 

54  Draconia,    . 

5 

19  II  i4.32* 

+  X.079 

32  33     8.7* 

—  6.06 
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No. 

ix5x 

XX  52 

1x53 

1x54 
1x55 

LogBrittuns  of                             | 

LofFBrittams  of                              | 

a 

h 

e 

d 

a' 

h' 

c' 

d: 

+8 .  3a4o 
8.0729 
8.3696 
8.0000 
8.0723 

— 9.1941 
8.9370 
9.1969 

8.8347 
8.8691 

-I-0.7718 
o.3o36 
0.7735 
o.5i65 
0.5737 

—8.3813 
+7.8685 
-J-8.3376 
—7.3034 
—7-73x4 

+9.8543 
—9.9811 

+9.8550 
—0.4320 
+8.8083 

+9.0833 
—8.9373 
+9.1360 
+8.3739 
+8. 856  J 

— 0.4382 
0.4439 
0.4701 
0.4737 
0 . 5ooo 

— 9.9961 
9.9958 
9.9953 
9.9953 
9.9945 

1x56 
ii57 
1x58 
1x59 
ix6o 

8.8785 
8.o83i 
8.1695 
8.1695 
8.1596 

9.i5i3 

8.8457 
8.9303 
8.9298 
8.9177 

0.7473 
0.4117 
0.3976 
0.3981 
o.3x43 

—8.3359 
+7.6356 
+7.9731 
+7.9737 
+7.9436 

+9.8374 
— 9.8753 
—9.9830 
-9.9839 

—9.9747 

+9.1685 
—8.7735 
— 9.o365 
—9.0364 
— 9.0194 

0.5334 
0.5333 
o.535i 
0.5355 
0.5376 

9.9939 
9.9936 
9.9936 
9.9936 
9.9935 

ix6x 
X162 
1x63 

1x64 
xi65 

8.3o63 

8.4947 
8.3170 

8.1871 

8.i5xo 

9.o63o 
9.3334 
9.0349 
8.8930 
8.85i3 

0.0654 

0.7947 
0.1368 

0.3449 
0.5593 

+8.3317 
— 8.4600 
+8.3183 
+7.9355 
—7.7415 

— 0.0242 
+9.8701 
— 0.0190 

—9.9544 
—8.2480 

—9.1521 
+9.2305 
-9.1757 
— 9.0343 

+8.8818 

0.5389 
0.5574 
0.5765 
o.588i 
0.5935 

9.9934 
9.9939 
9.9923 
9.9918 
9.9915 

1x66 
1x67 
1 168 
X169 
XI 70 

8.17x4 
8.1595 
8.3621 
8.1798 
8.1496 

8.8633 
8.85o6 
9.0336 

8.8484 
8.8i5i 

0.5709 
0.5590 
o.i3oi 
o.4o33 
0.4741 

— 7.8305 
—7.7488 
+8.3633 
+7.7619 
+6.9946 

+8.6857 
—8.3878 
—0.0176 
— 9.8890 
— 9.70P1 

+8.9485 
+8.8893 
— 9.3309 
— 0.9037 
—8.1696 

o.6oi5 
0.6023 
0.6330 
0.6338 
0.6369 

9.9912 
9.9913 
9 . 9903 
9.9903 
9.9901 

1171 
1x73 
1173 

X174 
XI75 

8 . 1 794 
8.1498 
8.4412 
8.3489 
8.7x21 

8.8447 
8.8i5i 

9.1047 
8 . 9098 
9.3710 

0.5539 

0.4741 

9.9436 

-|-o.33i5 

—9.1635 

-7.7396 

+6.9947 
+8.3753 

+8.0354 

+8.6947 

— 8.6939 
—9.7001 
— 0.0360 
—9.9694 
— 0.0348 

+8.8849 
—8.1697 
—9.3606 
— 9.1055 
—9.3135 

0.6370 
0.6370 
0.6388 
o.63i3 
o.633i 

9.9901 
9.9901 
9.9900 
9.9899 
9.9898 

1176 
1177 
X178 
1x79 
1x80 

8.3070 
8.7634 
8.1974 
8.347.5 
8.3607 

8.9544 
9.4073 
8.8371 
8.8750 
8.8860 

+o.36o5 

— 0.3747 

+0.4354 

0.5836 

0.3507 

+8.1468 
+8.7489 
+7.6067 

—7.9477 
+7.9908 

—9.9948 
— 0.0336 
—9.8256 
+9.o5i3 
—9.9488 

—9.1817 
—9.3307 
—8.7680 
+9.0609 
— 9.0930 

o.644i 
0.6475 
0.6610 
o.663o 
o.665i 

9.9893 
9.9891 
9.9884 
9.9883 
9.9881 

xx8x 
X183 
1x83 
1x84 
1x85 

8.4649 
8.3379 
8 . 6987 
8 . 3089 
8.3730 

9.0838 
8.8437 
9 . 3oo3 
8.9099 
8.8637 

0.0091 
+0.5555 
—9.8553 
+0.6083 

0.5747 

+8.3915 
— 7.8107 
+8.6746 
—8.0911 
—7.9439 

—0.0336 
—8.5977 
— 0.0346 
+9 .  384o 
+8.84i4 

—0.3965 
+8.9541 
— 9.36i3 
+9.1680 
+9.0654 

0.6731 
0.6835 
0.6876 
0.6880 
0.6977 

9.9877 
9.9871 
9.9868 
9.9868 
9.9863 

1x86 
1x87 
1x88 

1 189 

1 190 

8.3433 
8.3363 
8.3387 
8.3359 
8.3479 

8.9303 

8.8xx4 
8.8330 
8.9135 
8.9331 

0.6317 
o.5o33 
0 . 44o4 
0.6112 
0.6168 

—8.1567 
— 7.1755 

+7-6ii4 
—8.1366 
—8.1531 

+9.4813 
— 9.5393 
— 9.8139 
+9.4074 
+9.4489 

+9.3134 
+8.3498 
—8.7751 
+9.1984 
+9.3i5i 

0.7001 
0.7039 
0.7046 
0.7100 
o.7i3i 

9.9860 
9.9858 
9.9857 
9.9853 
9.9851 

X191 
1x92 

1 193 

1 194 

1 195 

8.3734 
8.3733 
8.3340 
8.4037 
8.5543 

8.8390 
8;8xo9 
8.85oo 
8.9x30 
9.0633 

o.553o 
o.5i36 
0.566X 
0.3097 
0.0543 

—7.8338 
—7.4257 
—7.9581 
+8.2006 
+8.4759 

—8.7373 
— 0.4664 

+  8.3333 

—9.9731 
— o.ox55 

+8.9783 
+8.5073 
+9.0897 
—9.3678 
—9,3937 

0.7311 
0.7461 
0.7577 
0.7733 
0.7733 

9.9845 
9.9835 
9.9816 
9.9803 
9.9801 

1x96 
1x97 

1 198 

1 199 
1200 

8.3300 
8.3309 
8.3x53 

8.4117 
+8.5786 

8.8389 
8.8337 

8.8114 

8.9053 

—9.0718 

0.5460 
0.4113 
0.4495 
o.3x83 

+0.o33I 

—7.8374 
+7.8878 
+7.6085 
+8.1998 
+8.5o44 

— 8.9796 
—9.8743 
-9.7873 
—9.9671 
— 0.0x54 

+8.9886 
— 9.0337 
—8.7761 
—9.8731 
— 9.4113 

•)o.7734 

0.7790 

0.7850 

0.7873 

—0.7878 

9.9801 
9.9796 
9.9790 
9.9787 
—9.9787 
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Rifht  AManaion, 
Ju.  1, 1850. 

Annual 

Nortii  Polar  Dlat., 

Annual 

No. 

I20Z 

B.A.C. 

Constdlation. 

Maf. 

Variation. 

Jan.  1, 1850. 

Variation. 

6608 

Sagittarii, 

P' 

3* 

9m%         rPv*                  9m 

X9  IX  5o.53 

+4.328 

e          '             " 

i34  44    8.0 

-   5.99 

1202 

66x0 

Sagittarii, 

/3* 

4 

12  2X.92 

4.33i 

x35    4  36.4 

6.o3 

I203 

66x2 

57  Diicoxiis, 

i 

3 

12  3o.45» 

o.o4i 

aa  36     8.3* 

6.3x 

I2o4 

66x9 

44  Sagittarii, 

(^ 

5 

12  58.x8« 

3.489 

X08     7  a8.7* 

6.34 

I2o5 

6622 

Sagittarii, 

a 

4 

i3  29.33 

4.179 

i3o  53  34.4 

6.06 

I206 

6623 

I  Cygni, 

K 

4 

i3  37.94* 

1.389 

36  54  a3.9* 

6.42 

1207 

6644 

3x  Aquilae, 

b 

5 

.   17  49*06* 

2.865 

78  aa  x8.3 

7.37 

1208 

6646 

3o  Aquilae, 

d 

3i 

17  56. o5* 

3.027 

87  xo  48.6* 

6. So 

1209 

6649 

Telescopii, 

^ 

4 

18  23.67 

+4.901 

x45  a4  4a. a 

6.53 

X2IO 

665o 

60  Draconis, 

T 

4^ 

18  24.87 

— 1.096 

16  55  30.9 

6.81 

I2II 

6662 

58  Draconis, 

ff 

4 

19  53. 25* 

+0.332 

a4  34  e6.3* 

6.87 

X2I2 

6674 

6  Yulpecule, 

a 

4 

22  27.88 

2.495 

65  38     6.3* 

6.97 

12X3 

6690 

6  Cygni, 

P 

3 

24  4o.37* 

2.420 

6a  ax     7. a* 

7.a6 

X2l4 

6697 

xo  Cygni, 

1* 

5 

25  55.37* 

1.5x6 

38  35  17.5* 

7.47 

12X5 

670X 

38  Aqailae, 

/* 

A\ 

26  45.67* 

a.  934 

8a  56     8.4* 

7.3a 

12X6 

6703 

37  Aquilae, 

k 

5 

26  5x.35 

3.3x3 

100  5a  59.9 

7-4i 

12x7 

6706 

52  Sagittarii, 

A« 

4* 

27  34.39* 

3.663 

xi5  la  33.7* 

7.48 

I2I8 

67x3 

39  Aquilae, 

JC 

4 

28  49 '24 

3.233 

97  ax  a3.o 

7.60 

I2I9 

«7x5 

4 1  Aquile, 

f 

5 

28  57.70 

3. XXX 

9X  36  5a. 7 

7.60 

1220 

6729 

44  Aqnilffi, 

a 

5 

3i  47.36* 

a.  965 

84  56  34.7* 

7.83 

Z22I 

6734 

x3  Cygni,  » 

e 

4 

32  25.18* 

+  1.6x1 

4o    7  37.6* 

8.08 

X222 

6735 

61  Dtaconis, 

0 

5 

32  38.53* 

— 0.X07 

ao  35  38.1* 

6.06 

1223 

6739 

5  Sagitts, 

a 

4 

33  23.61 

+2.685 

7a  19  36.6 

7.98 

X224 

6740 

19  Cygni, 

^ 

4 

33  27. x6 

2.368 

60  IX  aa.3 

8. ox 

X225 

6742 

55  Sagittarii, 

e* 

5 

33  56.10* 

3.440 

io6  a8  i3.8* 

8.o3 

X226 

6744 

6  Sagitte, 

P 

5 

34  18.82 

a.  697 

72  52     I. a 

8.04 

1227 

6748 

Cygni, 

5 

35  x8.i5 

X.348 

35  aa  34.5 

8.10 

1228 

677X 

1 5  Cygni, 

5 

38  52.09 

2.x66 

53    0  16.7 

8.47 

1229 

6772 

5o  Aquilie, 

y 

3 

39     7.67* 

2.857 

79  44  54.7* 
45  i3  58.7* 

8.43 

I23o 

6779 

x8  Cygni, 

6 

3i 

4o  X7.23* 

1.876 

8.5o 

I23l 

6780 

Cygni, 

5 

4o  17.99 

x.x58 

3a  ao  aa.x 

8.5o 

1232 

6783 

7  Sagittae, 

6 

A 

4o  42. x6 

2.684 

71  49  54.7 

8.58 

X233 

6784 

17  Cygni, 

X 

5 

4o  44.00 
42  19.25 

a. 275 

56  37    4.x 

8. 03 

1234 

6794 

8  Sagitte, 

C 

5 

2.668 

71  i3  48. 0 

8.73 

1235 

680  X 

PaYonis, 

e 

4 

43    8.80 

7.094 

i63  17  48.4 

8.64 

1236 

6802 

53  Aquilae, 

a 

li 

43  27.78* 

2.925 

81  3i  a6.3* 

9.13 

1237 

681X 

55  Aquilae, 

V 

A 

44  49.86 

3.060 

89  aa  3i.6 

8.83 

X238 

6812 

Sagittarii, 

I 

Ak 

44  54.98 

4.170 
2.o5d 

x3a  i5  a6.6 

8.83 

X239 

6817 

Cygni, 

5 

45  28.47* 

49  46  45.0* 

8.91 

1240 

6825 

59  Aquils, 

i 

5 

46  58.67* 

2.9x2 

81  55  a3.a* 

8.97 

I24x 

6827 

1 3  Yulpeculae, 

5 

47     5.23 

a.  55a 

66  x8  88.5 

9.11J 

1242 

6832 

59  Sagittarii, 

h 

5 

47  44.09* 

3.696 
a.  95a 

X17  33  44.7* 

9.09 

1243 

6833 

60  Aquilae, 

)3 

3i 

47  56.66* 

83  57  5i.5* 

8.56 

1244 

6849 

22  Cygni, 

5 

5o  30.19 

a.i44 

5i  54  3a. 9 

9.30 

1245 

685 1 

21  Cygni, 

V 

5 

5o  4i*xo 

a.a53 

55  18  47.0 

9.37 

1246 

6857 

Cygni, 

5 

52     1.X9 

a.o8x 

So    1  58.3 

9.43 

1247 

6858 

12  Sagittae, 
1 4  Vtupeculae, 

7 

4i 

52     5.22 

a.  669 

70  54  4x*o 

9.50 

X248 

6866 

5 

52  44.48 

a.  576 

67  18  16.4 

9.45 

1249 

6870 

62  Sagittarii, 

e 

4i 

53  25.57* 

3.705 

118     7  19. X* 

9.58 

X25o 

6873 

PaTonis, 

6 

4 

19  53  56.99 

+5.96^ 

i56  33  x8.i 

—  8.5o 
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c 
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1500   Stars. 

No. 

X20I 
I202 
I203 

X204 
I2o5 

I^ogarlthmB  of                            | 

Logarithma  of                               | 

a 

b 

1         « 

d 

a' 

V 

c' 

df 

+8.46x5 
8.4671 
8.732X 
8.34x6 
8.4440 

— 8.9507 
8,9530 
9.2X7X 
8.8236 
8.9227 

+0.6366 
o.638o 
8.2672 

0.5424 
0.6201 

— 8.3090 
—8.3172 
+8.6974 
—7.8345 
— 8.2600 

+9.5578 
+9.5643 
—0.0x88 
—9.0682 
+9.4672 

+9-3365 
+9.3422 
—9.4582 
+8.9885 
+9.3x46 

— 0.79x3 
0.7943 
0.7952 
0 . 7978 
0.8008 

—9.978a 

9.9780 
9.9779 
9.9776 
9.9773 

1206 
1207 
1208 
1209 
X2IO 

8.5448 
8.3555 
8 . 3476 

8.5954 
8.8855 

9.0226 
8 . 8074 
8.7988 
9.0439 
9.3339 

o.x4o4 

0.4489 

0.4784 
+0.6900 
— 0.0287 

+8.4477 
+7.6599 

+7.0395 

— 8.5iio 

+8.8663 

— 0.0083 
—9.7890 
— 9.681X 
+9.7236 
— 0.0x18 

— 9.4023 
—8.8269 
— 8.2i5i 

+9.4411 
— 9.5o65 

0.80x6 

0.8248 
0.8254 
0.8278 
0.8279 

9.977a 
9.9745 

9.9744 
9.9741 
9.9741 

I2XI 
I2I2 
X2l3 

12X4 
12X5 

8.7384 
8.4111 
8.4342 
8.5926 
8.3949 

9.X780 
8.8357 
8.8462 
8.9977 
8.7953 

+9.5088 
0.3986 
0.3834 
0.X794 
0.4649 

+8.6972 
+8.0266 
+8.X008 
+8.4856 
+7.4849 

— o.oi5o 
— 9.8929 
—9.9123 
—9.9992 
—9.7864 

— 9.4922 
— 9.1621 
— 9.2242 
—9.4567 
—8.6576 

0.8357 
0.8489 
0.8599 
0.8659 
0.8699 

9.9781 
9.9718 
9.9697 
9.9687 
9.9681 

X2X6 
I217 
12X8 
X219 
1220 

8 . 4ooo 
8.4390 
8 . 4o49 
8.4o2i 
8.4166 

8.7998 
8.8349 
8 . 7940 
8.7905 
8.7898 

0.5198 
0.5628 
0.5093 
0.4921 
0.47x5 

— 7.6760 
— 8.0683 
-7.5x23 
— 6.852X 
+7.3620 

—9.3993 
+7.4i5o 
—9.4940 
— 9.6103 
— 9.7105 

+8.8442 
+9.2009 
+8.6848 
+8.0280 
—8,5364 

0.8704 
0.8788 
0.8796 
0.8808 
0.8982 

9.9680 
9.9675 
9.9665 
9.9664 
9 . 9642 

X22X 
1222 
X223 
1224 
1225 

8.6o85 

8.8724 
8.4430 
8.4839 
8.4425 

8.9784 
9.24x2 
8.8078 
8 . 8484 
8.8046 

+0.2072 

—9.3023 

+0.4281 

0.3743 

0.5357 

+8.4919 
+8.8437 
+7.9252 
+8.i8o3 
— 7.895X 

— 9.9926 
— o.oo58 
—9.8402 
— 9.9206 
9.1937 

—9.4772 
— 9.5660 
— 9.0803 
— 9.2948 
+9.o53o 

0.8960 
0.8969 
0.9008 
0.9005 
0.9027 

9.9687 
9.9635 
9.9629 
9.9629 
9.9625 

1226 
X227 
X228 
1229 
X23o 

8.4457 
8.6676 
8 . 5429 
8.4533 
8.5998 

8.8o58 
9.0226 
8.8798 
8.7890 
8.9297 

o.43o2 
0.X297 
0.3336 
o.455o 
0.2717 

+7.9149 
+8.5790 
+8.3223 
+7.7036 
+8.4475 

—9.8355 
—9.9987 
•—9.95x0 
—9.7698 
—9.9759 

— 9.07x3 
-9.5x77 
— 9.4007 
— 8.8727 
—9-4748 

0.9043 
0 . 9086 
0.9235 
0.9246 
0.9298 

9.9621 
9.9618 
9.9588 
9.9580 
9.9570 

X23l 
1232 

X233 

1234 
1235 

8.7228 

8.4749 
8.53x1 

8.4829 

9.0039 

9.0526 
8.8028 
8.8588 
8.8028 
9.3x98 

0.0637 
0.4271 
0.3567 
0.4250 
o.85o2 

+8.6496 
+7.9688 
+8.2717 

+7'99<>5 
—8.9852 

—9.0989 
—9.84x7 
—9.9347 
—9.8458 
+9.8679 

— 9.5540 
— 9.1227 
— 9.3695 
—9.1428 
+9.6198 

0.9294 
0.98x0 
0.98x1 
0.9875 
0.9407 

9.9570 
9.9567 
9.9566 
9.9552 
9.9545 

1236 

1237 

X238 
X239 
i24o 

8.4684 
8 . 4690 
8 . 6000 
8.5886 
8.48x5 

8.7828 
8.7768 
8.9074 
8.8934 
8.779X 

0.4611 
0.4854 
0.6X9X 
0.3x34 
0.4626 

+7.6369 
+6.5o64 
—8.4277 
+8.3986 
+7.6292 

—9 .  7496 
—9.6471 
+9.45o3 
— 9.9590 
—9.7445 

—8.8082 
—7.6824 
+9.4731 
—9.4576 
— 8 . 8009 

0.9420 
0.9478 
0.9476 

0.9497 
0.9555 

9 . 9542 
9.9529 
9.9528 
9.9528 
9 . 9509 

I24l 

X242 

1243 

X244 
X245 

8.5x58 
8.5323 
8.4832 
8.5942 
8.5758 

8.8x29 

8.8264 
8.7763 

8.8754 
8.8561 

0.4060 
0.5673 
0.4690 
o.33o8 
0.3524 

+8.X198 
—8.1976 
+7.5o5o 

+8.3844 
+8.33x0 

—9.8786 
-f8.444o 
—9.7204 
—9.9485 
—9,9349 

—9.2577 

+9.3214 
—8.6787 
—9.4565 
— 9.4221 

0.9559 
0.9588 
0.9591 
0.9685 
0.9691 

9.9508 
9.9501 
9.9499 

9.9474 
9.9473 

X246 
1247 
1248 

1249 

I25o 

8.6111 

8.52o4 

8.5332 

8.555x 

-4-8.9027 

8.8834 
8.7943 

8.8o4i 

8.8230 

— 9.1681 

0.3x83 

0.4252 

0.4112 

0.568X 

+0.7620 

+8.4x89 
+8.o35o 
+8.1196 
—8.2285 
—8.8652 

—9.9541 
—9-8444 
—9.8695 

+8.5o65 
+9.8019 

—9.4795 
—9.1865 
— 9 . 2606 
+9.3500 
+9.64x1 

0.9789 

0.9741 

0.9765 

0.9789 

— 0.9807 

9.9459 
9.9459 
9.9452 
9.9445 
—9 .  9440 

Fp 
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No. 

B.A.C. 

CoDsleaatton. 

M«f. 

Right  Aacention, 
Jan.  1,  1850. 

Annual 
Variation. 

North  Polar  Dist.. 
Jan.  1, 1890. 

Annnal 
Variation. 

I25l 

6877 

Saffittarii, 
1 5  YuTpeciilKy 

5 

h.    m.        9. 

19  54  48.47* 

+  3.84o 

9      f        ^ 
122    28    22.x* 

—  9.54 

X252 

6879 

5 

54  55.4o» 

2.469 

62    39    28.0* 

9.72 

1253 

6882 

Yulpecolaey 

5 

55  23.47 

2.543 

65  36  44.2 

9.72 

1254 

6905 

64  Draconis, 

e 

5 

59  52. 4i 

o.65i 

25  35  54.4 

10.00 

1255 

6926 

67  Draconis, 

P 

4 

20    2    7 •69* 

o.3oo 

22  33   14. I* 

10. 23 

1256 

6932 

66  Draconis, 

5 

3    9.i7» 

0.964 

28  26  19.7* 

10.82 

1257 

6934 

65  Aquilae, 

e 

3i 

3  33.76* 

3.io3 

91   i5  44.8* 

10. 32 

C258 

6937 

28  Cygni, 

y 

5 

3  5x.43* 

2.228 

53  35  56-7* 

10.43 

1259 

6952 

67  Aquile, 

p 

5 

7    20.25 

2.779 

75  i5  21.9 

10.66 

1260 

6959 

Cygni, 

5 

8  ax. 19 

1. 671 

38  59  lo.o 

10. 65 

1261 

6965 

3i  Cygni, 
Vulpecnlae, 

0» 

4 

8  54.58* 

1.890 

43  42  4o.6* 

10.76 

1262 

6966 

5 

8  54.68 

S.540 

64  5i  43.2 

10.70 

1263 

6972 

5  Capricorni, 
23  yulpecole. 

a» 

4 

9  19. 76* 

3.334 

X02  58    4.0* 

10.75^ 

1264 

6973 

4i 

9  33.36 

2.485 

62  38  32.4 

10.80; 

1265 

6974 

6  Capricorni, 

«• 

3 

9  43.67* 

3.339 

io3    0  20.7* 

10.79 

1266 

6976 

33  Cygni, 

4i 

9  54.48* 

1.401 

33  53  23. 0* 

10.81 

1267 

6979 

24  Vulpecnlae, 

5 

10  22.11 

2.569 

65  47  14.0 

10.82 

1268 

6983 

32  Cygni, 

4i 

10  49-97* 

1.854 

42  44  39.2* 

10.87 

1269 

6991 

8  Capricorni, 

V 

5 

12  20. 3o* 

3.337 

io3  i3  36.7* 

10.94 

1270 

6995 

9  Capricorni, 

P 

3i 

12  34.69* 

+  3.38o 

xo5  x5     3.4* 

II  .ox 

1271 

6999 

Urse  Minoris 

r^ 

5 

•      i3     1.76* 

—53.184 

1     8  22.0* 

11.02! 

1272 

7004 

Pavonis, 

a 

2 

i3  45. o3 

+  4.807 

147  12  35.3 

II.02| 

1273 

7005 

I  Cephei, 

K, 

4i 

i3  5o.39* 

—  1.862 

12  44  34.7* 

11.07' 

1274 

7022 

37  Cygni, 

7 

3 

16  5o.8i* 

+  2.i53 

5o  i3  i5.4* 

II. 3o: 

1275 

7027 

.     Cygni, 

5 

17  25.78 

2.126 

49  27    4.6 

11.32: 

1276 

7029 

39  Cygni, 

5 

17    52.25 

2.395 

58  17  26.5 

1 1 .  4o 

1277 

7o3i 

10  Capricorni, 

V 

5 

18  43.70* 
20  17.88* 

3.446 

108  4i  57.1* 

11.46 

1278 

7042 

XI  Capricorni, 

P 

5 

3.433 

108  18  19. 4* 

11.55 

1279 

7o58 

69 .  Aquile, 

5 

2X    48.62 

3.145 

93  22  49.1 

11.65 

1280 

7067 

4 1  Cygni, 

4i 

23  x5.99 

2.45o 

60    7  46.2 

11 .75. 

1281 
1282 

7085 
7088 

45  Cypi, 
2  Delphini, 

5 
4 

25  24.79 

26  2.66* 

1.858 
2.868 

4i  33    2.5 
79  12  II. 2* 

1 
II. 91; 

11.93; 

1283 

7091 

46  Cy^ni, 

«» 

5 

26  40.95 

i.85i 

4x  17     1.5 

II  .95! 

1284 

7096 

Indi, 

a 

3 

26  59.94 

4.264 

137  48  34.0 

12.06 

1285 

7098 

2  Cephei, 

e 

5 

27     3.34* 

1.020 

27  3o  32.1* 

11.99 

1 

1286 

7106 

Pavonis, 

V 

5 

28     7.79 

5.642 

i57  17    0.3 

1 
11.96 

1287 

7107 

4  Delphini, 

^ 

5 

28  17.73* 

2.807 

75  5o  23.9* 

12. i3 

1288 

7x21 

6  Delphini, 

P 

4 

3o  3o.86* 

2.8x3 

75  55  25. 0* 

19.23 

1289 

7122 

71  Aquile, 

5 

3o  35.24* 

3.104 

91  37  3i.i 

12.27 

1290 

7129 

Pavonis, 

P 

3 

3i  22.68 

5.524 

i56  44    9.6 

19.29 

X291 

7134 

1 5  Capricorni, 
8  Delphini, 

V 

5 

3i  30.26* 

3.426 

xo8  39  45.9* 

ia.36 

1292 

7137 

0 

4i 

3i  39.29 
32  40.26* 

2.833 

77  12  26.7 

12.36 

1293 

7149 

9  Delphini, 

a 

3i 

2.791 

74  36  49. 4* 

12. 4i 

1294 

7i65 

Pavonis, 

a 

4i 

35     o.5i 

5.823 

159  19     1.5 

ia.63 

1295 

7171 

5o  Cygni, 

a 

I 

36  19.12* 

2.044 

45  i5  12.4* 

19.64 

1296 

7173 

II  Delphini, 

d 

4 

36  27.50* 

2.8o4 

75  27  36.8 

19.63 

1297 

7177 

16  Capricorni, 

V' 

4i 

37    I2.3l* 

+  3.570 

xi5  48  21.7* 

19.55 

1298 

7178 

75  Draconis, 

5i 

37    25.20* 

—  3.382 

9     5  41.9* 

19.79 

1299 

7184 

Ursae  Minoris, 

5 

37  47.97 

—41.326 

I  20    4.6 

19.  75 

i3oo 

7196 

2  Aquarii, 

.r 

4i 

20  39  33. i3* 

+  3.259 

100    2  28.6* 

-19.84 
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Na 

Locarttbiiu  of 

LofurlthiiM  or                              1 

A 

b 

e 

d 

a' 

b' 

d 

d! 

I25l 

X25a 
xa53 

X254 
xa55 

+8.5792 
8.5572 
8.5480 

8 . 8^69 
8.9460 

— 8.84o8 
8.8x83 
8.8070 
9.X260 
9.X753 

+0.58x7 
0.39x7 
o.4o48 

9.8x49 
9.4738 

—8.3091 
+8.3x93 
+8.X638 
+8.843X 
+8.91x4 

+9.0304 
—9.8967 
— 9 . 8790 
—9.9863 
— 9.983 X 

+9.4xx4 
— 9 .  344o 
—9.3993 
—9.6537 
—9.6713 

—0.9837 
0.984X 
0.9857 
1.0008 
I. 0081 

—9.9431 

9.9439 
9.9435 
9.9377 
9.935a 

xa56 
xa57 
xa58 
X359 

X36o 

8.8553 
8.5345 
8.6296 
8.5607 
8.75o5 

0.0801 
8.7576 

8.85x4 
8.7677 
8.9532 

9.9776 
0.4908 

0.3474 
0.4438 

0.223o 

+8 .  7994 
—6.8775 
+8.4o3o 
+7.9663 
+8.64x0 

—9.9833 
— 9.0x81 
—9.9336 
—9 .  8o34 
— 9.9693 

—9.6533 
+8.0535 
—9.4848 
—9.1379 
— 9.6159 

x.oix4 
1.0x37 
1.0x36 

1.0344 
1.0275 

9 . 9340 
9.9336 
9.9333 
9.9393 
9.9380 

xs6i 
X36a 
X263 

1264 
xa65 

8.7x14 
8.5941 
8.5634 
8.6043 
8.5646 

8.9XX8 
8.7945 
8.7620 
8.8020 
8.76x6 

0.2759 

o.4o48 

0.5225 

0.3956 
0.5336 

+8.5704 
+8.3333 

—7.9x44 
+8.3666 
—7.9x69 

—9.0597 

—9.8764 
—9.3679 
—9.8885 
—9.3673 

—9.5860 
—9.355a 
+9.0793 
—9.3913 
+9.0817 

1.6393 
1.0393 
I . o3o4 
i.o3ii 
i.o3i6 

9.9373 
9.9373 
9.9268 
9.9266 
9.9264 

xa66 
1267 
1368 
X269 
X270 

8.8075 
8.5952 
8 . 7349 
8.5727 
8.5773 

9.0037 
8.7895 
8.9x72 
8.7588 
8.7624 

o:x435 
0.4089 
0.3680 
o.533o 
+0.5384 

+8.7367 
+8.3o8x 
+8.5908 
— 7.9333 
—7.9973 

—9.9743 
— 9.8700 
— 9 . 9603 
— 9.363 X 
-9.3978 

— 9.649X 
—9.3442 
— 9.5986 
+9.0966 
+9.X578 

1.0333 

I.0335 

1.0349 
1.0393 
i.o4oo 

9.926X 
9.9256 
9.9250 
9.9232 
9.9229 

X27X 
1272 
X273 
X274 
X375 

0.2644 
8.83x4 
9.22x8 
8.6882 
8.6947 

0.4477 
9.0XX7 

9.40x7 

8.6558 

8.8599 

— X.7254 
+o.68x5 
—0.2699 
+0.3325 
0.3276 

+0.2643 
— 8.756X 
+9.3XX0 
+8.4943 
+8.5077 

— 9.9367 
+9.6689 
—9.9588 
—9.9358 
—9.9377 

— 9.7390 
+9.6658 
— 9.7306 
—9.5560 
—9.5645 

i.o4x3 
1.0434 
1.0437 

I.o533 

i.o538 

9.9223 

9.92x4 
9.92x3 
9.9175 
9.9x67 

xa76 
X277 
X278 
1279 
X280 

8.6469 
8.6026 
8.6059 
8.588X 
8.6531 

6.8io3 
8.7625 
8 . 7594 
8.7356 
8.7948 

0.3783 
0.5369 
0.5356 
0.4962 
0.3888 

+8.3676 
— 8.X086 
— 8.1039 
—7.3587 
+8.35o4 

—9.9045 
—9.x  688 
— 9.X903 
— 9.5857 
— 9.8933 

—9.4734 
+9.36XX 

+9-3564 
+8.5340 
—9.4646 

i.o55o 

1.0574 
1.06x6 
X.0657 
1.0695 

9.9x62 
9.9x50 
9.9130 
9.9x09 
9 . 9090 

X28X 

1282 
1283 
1284 
X285 

8.775X 
8.6063 
8 . 7806 
8.7737 
8.9365 

8 .9082 
8.7368 
8.9087 
8.9006 
9.o63x 

0.2685 
0.4572 
0.2670 
0.6286 
0 . 0060 

+8.6493 
+7.8788 
+8.6565 
—8.6435 
+8.8843 

—9.9496 
— 9.76XX 
—9.9489 
+9-4804 
— 9.9595 

— 9.6470 
— 9.047X 
— 9.6530 
+9-6467 
—9.735© 

1.0751 
1.0767 

1.0784 
I . 0793 
1.0793 

9 . 9060 
9.905X 
9.9043 
9.9038 
9.9037 

X286 
1287 
1288 
X289 
X290 

9.0169 
8.6x75 
8.6229 
8.6x00 
9.0x52 

9.X393 

8.7392 
8.7359 
8.7227 
9 . X  248 

0.7497 
0.4474 
0.4480 

0.49x4 
0 . 7434 

—8.98x9 
+8.0060 
+8.0089 
— 7.0637 
—8.9784 

+9.7550 
—9.7896 
—9.7878 
— 9.6x42 
+9.7436 

+9*7447 
— 9.X687 

— 0.X7X7 

+8.3387 

+9.7510 

1.0830 
X.0834 
X.0879 
x.o88x 
1.090X 

9.9033 
9.00x9 
9.8987 
9.8986 
9.8975 

1291 
1292 
1293 
X294 
1295 

8.6355 
8.6233 
8.63o7 

9.0724 
8.772X 

8 . 7446 
8.73x9 
8.7353 
9.X679 
8.8625 

0.5349 
0.4530 

0.4443 
0.7659 
o.3xoo 

— 8.i4o6 
+.7.9686 
+8.0545 
— 9.0435 
+8.6x97 

— 9.3000 
— 9.7766 
—9.7973 

+9  •  7607 
—9.93x8 

+9.8033 
—9.x  337 

—9.3147 
+9.7676 

— 9.6473 

I . 0904 
X .0907 
1.0933 
X.0988 
X.X018 

9.8973 
9.8970 
9.8955 
9.8930 
9.8900 

1296 
X297 
1298 
1299 
x3oo 

8.638o 
8.67x2 
9.4272 
0.2599 
+8.6377 

8.7278 
8.7583 
9.5x34 
0.3443 
—8.7x56 

0.4474 
+0.5538 
— 0.5399 
—1^.6x53 

+0.5X33 

+8.0378 
— 8.3xoo 
+9.42x8 
+0.3598 
— 7.879X 

—9.7888 
—8.7308 
—9.9303 
— 9.893X 
—9.4676 

-9.x  997 
+9.4405 
-9.7967 
— 9.803 X 
+9.0485 

I.X033 

t.xo39 

I.I044 

x.xo55 

— 1.X093 

9.889S 
9.8886 
9.8883 
9.8876 
— 9.885o 
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No. 

B.A.C. 

x3oi 

7200 

l302 

7201 

i3o3 

7204 

i3o4 

7207 

i3o5 

7213 

i3o6 

72i5 

i3o7 

7220 

i3o8 

7228 

x3o9 

7239 

i3io 

725o 

x3xi 

7253 

I3X2 

7256 

i3z3 

7277 

i3x4 

7281 

i3i5 

7291 

i3i6 

7299 

i3i7 

73o5 

i3i8 

7333 

i3i9 

7336 

1 320 

7344 

l32I 

7345 

l322 

735o 

i323 

7368 

i324 

7372 

{325 
[326 

7374 

7377 

i327 

7380 

i328 

7381 

i329 

7385 

i33o 

7386 

i33x 

7398 

1 332 

7399 

i333 

7407 

1 334 

7409 

1 335 

7416 

x336 

74x8 

i337 

7423 

i338 

7428 

i339 

7445 

i34o 

7478 

i34i 

7480 

1 342 

7493 

i343 

7495 

1 344 

75o3 

z345 

7506 

1 346 

75io 

i347 

75x4 

1 348 

7522 

1349I  7625 

i35o 

1  7539  f 

CoMteilatlon. 


12  Delphini, 
3  Aquarii, 

53  Cygni, 
Microscopii, 

54  Cygni, 

Cephei, 

3  Cephei, 

6  Aquarii, 
OctantiB, 

57  Cygni, 

32  Yulpecule, 

58  Cygni, 
Cephei, 

76  Draconia, 

Cephei, 
22  Capricomi, 

62  Cygni, 
6x  Cygni, 

1 3  Aquarii, 

63  Cygni, 

5  Equulei, 

64  Cygni, 

7  Elquulei, 
29  Capricorni, 

Cephei, 

8  Equulei, 

77  Draconis, 

65  Cygni, 

4  PiBcia  Aust., 

67  Cygni, 

66  Cygni, 

32  Capricorni, 
Pavonis, 

5  Cephei, 

I  Pegaai,     . 
Indi, 

6  Cephei, 

34  Capricorni, 

22  Aquarii, 

7x  Cygni, 
8  Cepheif 
Cephei, 
73  Cygiu, 

39  Capncomi, 

Cephei, 

23  Aquarii,   . 
4  Pegaai, 

40  Capricomi, 

4 1  Capricomi, 


Mag. 

r 

4 

4 

r 

3 

a 

4i 

X 

5 

5 

V 

3i 

P 

4 

A* 

4i 

a 

4i 

5 

4i 

V 

4 

5 

5 

5 

V 

5 

^ 

4 

5i 

V 

5 

r 

5 

y 

5 

c 

3 

6 

4i 

5 

5 

a 

4i 

5i 

T 

5 

5 

e 

4i 

V 

4i 

L 

5 

7 

.3 

a 

3 

4 

r 

5 

5 

c 

4 

p 

3 

g 

5 

p 

3 

5 

p 

4i 

e 

5 

5i 

f 

5 

5 

r 

4 

5 

IU|dkt  AMenalon, 
Jan.  1, 1850. 


A*        ^K»  Mm 

20  39  42. o5 

39  49. 25* 

40  8.55 
4o  35.59 
4i  34.06 

4i  37. 72^ 

42  i3.97* 

43  2.81 

44  33.56* 

46  23.07 

47  56.44» 

48  10. o5* 
5i  35. o4* 

52  16. x4^ 

53  J.6^^ 

54  13.X7* 

55  5x.59» 
59  28.68« 

21  o  10.71 
I  25. o3* 

I  26.08* 
3  2.89 

6  33.22* 

7  10.57 
7  26.34* 

7  59.05* 

8  19.45* 
8  22.65 
8  48.33* 
8  49.7X* 

IX  31.69 
XI  45.12 
i3  53.20* 
i3  58.74 
i4  59.74* 


Annual 
Variation. 


X5 
x5 

16 

x8 

23 


9.08 

31.42 
15.07 
5.65* 
39.51* 


23  54.95* 
26  42.32* 
26  52. o3 
28  20.60* 

28  4o.46* 

29  6.x8 
29  45.77* 
3i     X.09 
3i  46.4o* 

21  33  27.80 


+2.785 
3.173 
a.  426 
3.790 
2.333 

1.495 

1.232 
4.757 

3.246 
7«6i4 

2.120 
2.557 

2.234 
+  i.6o5 
—3.832 

— 2.422 

+3.430 

2.180 

2.691 

3.276 


.023 

.55o 


2.o63 

2. 

2 

2.927 

3.334 

1.542 
+3.oo5 
— I .o46 
+2. 391 

3.665 

2.353 
2.462 
3.357 
5.081 
1.439 

2.776 
4.337 
1.259 
3.443 
3.168 

2.206 
0.807 

1.647 

2.25o 
+  3.375 

—  1.389 

+  3.202 

3.004 

3.341 

+3.435 


North  Polar  Diet. 
Jan.  1,  1850 


Anooal 
VrratkNi. 


74  24  44.9 

o5  34  24.3* 
56  35  20.4 
124  19  5i.i* 
54  3  27.9 

32  57  24.9* 
28  44  33.6* 

149  0  54.8 
99  32  33.3* 

167  35  17.5 

46  10  43.1* 
62  3o  36.5* 
49  24  28.8* 
33  4i  18.5* 
8  I  43.9* 

10  0  47.2* 

1x0  26  40.9* 

46  4o  5.7* 

5i  59  8.0 

loi  58  32.7* 

42  57  8.7* 
80  28  11. I 
60  23  9.4* 
80  35  52.5 
io5  47  29.4* 

3o  37  44.3* 
85  22  10. I* 
12  28  59.6 
52  35  33.0* 
122  47  45.8* 

5i  i3  54.3 

55  43  49.3 

107  28  12. I* 

I 56  2  27.5 

28  2  55.5* 

m 

70  5o  4.3 
i45  18  18.9 

25  45  47.3 
ii3  3  27.5* 

96  i3  41.7* 

X 

44  7  8.0* 
20  5  49.7* 
3o  12  3.9 

45  4  10. 0* 
no  8  6.5* 

• 

10  7  48.8 

98  3i  26.1* 

84  54  10.9 

X07  20  l3.2* 

ii3  56  16.3 

1 

]( 
— 1( 

2.72 
2.85 
3.23 
2.78 
3.06 

2.81 
3.86 
3.09 
3.17 
2.73 

3.43 

3.47 
3.68 

3.67 

3.78 

3.8a 
3.90 

4.17 
7.4q 
4.s8 

4.28 

4.30 

4.5a 

4.34 
4.66 

4.63 
4.61 

4.7a 
5.a3 

4.66 

4.87 

4.91 
5.07 
5.73 
5.09 

5.18 
4.95 
5.i5 
5.3i 
5.60 

5.69 
5.69 

5.74 
5.77 
6.86 


5.96 

5.89 

5.99; 

6.0a 

6.o4 
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No. 
x3oi 

l302 

i3o3 
i3o4 
i3o5 

Logarithms  of 

Logarithms  of 

a 

b 

c 

d 

a' 

V 

c' 

d' 

+8.6476 
8.6336 
8.7108 
8.7x64 
8.7272 

— 8 . 7249 
8.7x05 

8.7864 
8.7903 

8.7974 

+0.4448 
o.5oii 
0.3794 
0.5762 
0.3678 

+8.0769 
—7.62x0 

+8.45x6 
—8.4677 
+8.4958 

— 9.7063 
—9.5532 
—9.8942 
+8.86x5 
— 9.9022 

—9.2367 
+8.7960 
— 9.6493 
+9.6607 
— 9.6802 

—1.1096 
I. 1099 
I. 1106 
1.1116 
I.1I38 

—9.8847 
9.8845 
9.8840 
9.8833 
9.8817 

t3o6 
i3o7 
t3o8 
t3o9 
i3io 

8 . 9000 
8.9549 
8.9271 
8.648X 
9.3x37 

8.9700 
9.0326 
8.9916 
8.7068 
9.3654 

0.1762 
o.o858 
0.6773 
o.5xo5 

0.8816 

• 

+8.8238 
+8.8978 
— 8.86o3 
— 7.8677 
—9 .  3o34 

— 9.9420 
— 9.9420 
+9.6294 
—9.4816 
+9 .  8042 

-9.7355 
—9 .  7660 
+9.7480 
+9.0377 
+9.8118 

1 . 1 1.39 
i.ii53 
1.1171 
1.1204 
1.1243 

9.8817 
9.8807 
9.8793 
9.8769 
9.8738 

i3ii 

[3l2 

i3i3 

i3i4 
i3i5 

8.79x1 
8.7018 
8.7764 
8.9142 

9.5x49 

8.8368 
8.7467 
8.8o83 
8.9435 
9.54x0 

0.3257 

0.4072 

0.3486 

+o.2o56 

— 0.5832 

+8.63x4 
+8.366X 
+8.5898 

+8.8344 
+9-5x06 

—9.9179 
— 9.8620 
— 9 . 9064 
—9.9287 
-9.8929 

—9.6668 
— 9.4901 
—9.6463 
— 9.7645 
-9.83x8 

1.1276 
1.1281 
i.i352 
1.1366 
1.1383 

9.8712 

9.8708 
9.8649 
9.8637 

9.8621 

x3z6 

x3x7 
i3x8 
x3i9 

l320 

9.4219 
8.6937 
8.8106 
8.7773 
8.6856 

9.4438 
8.7094 
8.8126 
8.7766 
8.68o3 

—0,3833 

+0.5352 

0.3378 

0.3678 

o.5i45 

+9.4153 
—8.2369 
+8.6471 
+8.5668 
— 8.0026 

— 9.8972 
— 9.1909 
— 9.9042 

—9.8904 
— 9.4451 

—9.83x6 

+9.3847 
— 9.8660 

—9.6393 

+9.1692 

i.i4o5 
I. 1437 
1.1607 
1.1620 
1.1644 

9.8602 
9.8672 
9.8606 

9.8492 
9.8468 

X32I 
X322 

i323 

1 324 
x325 

8.8427 
8.6851 
8.7463 
8.6925 
8.7038 

8.8373 
8.6736 

8.72x4 
8.6652 
8.6755 

o.3x42 
0.4645 
o.4o63 
0.4652 

0.5223 

+8.7072 
+7 '9041 
+8.440X 
+7.9056 
—8.1386 

— 9.9086 
—9.7362 
—9.8653 
—9.7323 
—9.3646 

—9.7x66 
— 9 . 0742 
— 9.5554 
— 9.0768 
+9.2979 

1.1644 
1.1674 
1.1638 

1.1649 
1.1654 

9.8468 
9.8436 
9.8367 
9.8355 
9.8349 

1 326 
i327 
x328 
1 329 
x33o 

8.9809 
8.6900 
9.3539 
8.7895 
8 . 7649 

8.9506 

8.6584 
9.3222 
8.7561 
8.73x4 

o.x848 
+0.4767 
— 0.0Z73 
+0.3768 

o.563o 

+8.9x66 
+7.6970 
+9.3435 
+8.6730 
—8.4986 

—9.9074 
—9.6880 
— 9 . 8800 
—9.8793 
+7.6062 

—9.7988 
—8.7717 

—9.8644 
— 9.649X 
+9.6993 

1.1662 
1.1669 
I. 1670 
1.1678 
X.1678 

9.8338 
9.833X 
9.833o 
9.8321 
9.8321 

i33i 
1 332 
x333 
1 334 
x335 

8.8023 

8.7774 
8.7x87 
9.0897 
9.0277 

8.7585 
8.7328 
8.6659 
9.o366 
8.9707 

0.37XX 
0.3910 
o.525o 
0 . 7045 
o.i5ix 

+8.5990 
+8.6280 
— 8.i96"x 
— 9.0606 
+8.9735 

—9.8798 
—9.8668 
—9.3322 
+9.6329 
— 9.8964 

— 9.6670 
— 9.6212 
+9.36x7 
+9.8353 
— 9.8219 

1.1726 
1.1729 
1.1766 
1.1766 
1.1783 

9.8266 
9.8260 
9.82x6 
9.8213 
9.8x91 

x336 
x337 
i338 
z339 
x34o 

8.7251 
8.9456 
9.0640 
8.74x3 
8.7165 

8.6675 
8.8866 
9.0022 

8.6724 
8.6262 

0.44x6 
0.6376 
0.0988 
0.5366 
o.5ooo 

+8.24x3 
—8.8606 
+9.0x86 
—8.3342 
—7.76x8 

—9.7967 
+9.4679 

—9.89x4 
— 9.X6X7 
— 9.6699 

-9.3927 
+9.7920 
—9.8327 

+9.4741 
+8.9253 

1.1786 
X.1792 
1.1804 
1.1834 
1.1922 

9.8188 
9.8180 
9.8164 
9.8123 
9.7997 

x34i 

1 342 

1 343 

1 344 

1 345 

8.8716 

9.X824 
9.0x72 
8.8709 
8.7488 

8.7803 
9.0803 
8.9x44 
8.7624 
8.6390 

0.3429 
9.9057 
0.2x68 
0.3524 
+9.5278 

+8.7276 
+9*i552 
+8.9638 
+8.7x99 
—8.2867 

—9.8774 
—9.8642 
-9.8773 
— 9.8699 
—9.2929 

—9.7464 
—9.8673 
—9.83x5 
— 9.7460 
+9.4344 

1.1996 
1.1968 
1.1971 
1.1993 
1.1998 

9.7991 
9.7926 
9.7921 
9.7886 
9.7877 

x346 

1 347 

1 348 

x349 
i35o 

9.4768 
8.7279 
8.7266 
8.7461 
+8.7674 

9.3653 
8.6x38 
8.6076 

8.6241 
--8.6387 

— 0.X784 

+o,5o42 

0.4769 

o.52x4 
+0.5346 

+9.4700 
—7.8988 
+7.6762 

— 8.2203 

—8.3766 

—9.83x6 
— 9.6299 
—9.6866 
—9.3706 
—9.1889 

—9.8913 
+9.0701 
—8.8496 
+9.3762 
+9.6127 

1 . 2004 

1.20l3 

1.2o32 

1.2042 

— 1 .2066 

9.7867 
9.7860 
9.7819 
9 . 7800 
—9.7768 
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No. 
i35i 

B.A.C. 

ContteUttUon. 

Mag. 
5 

Right  AmomIod, 
Jan.  1, 1890. 

Annaal 
VarioUon. 

North  Polar  DM., 
Jan.  1, 1890. 

Varlatioii. 

7542 

9  Cephei, 

21  33  53.84» 

+  1.609 

0      *         f*  ^ 
88  35  36.1* 

— 16.14 

i352 

7543 

43  Capricorni, 

K 

5 

34  i6.47» 

3.364 

109  3a  49*9* 

16.16 

1 353 

7557 

9  PiaciB  Aust., 

1 

4i 

36    o.o2» 

3.600 

ia3  4a  a5.a* 

16. i4 

1 354 

7560 

80  Cygni, 

ir» 

4i 

36  46.26* 

8.122 

39  89  36.7* 

16.85 

i355 

756i 

8  Pegaai, 

e 

ai 

36  49.11* 

a. 951 

80  48  37.0* 

16.39 

1 356 

7567 

9  Pegasi, 
78  Cygni, 

4i 

37  24.73 

a.  844 

73  80    4.7 

16. 36 

i357 

7568 

A«' 

5 

37  26.08* 

a.  673 

61  55  58.3* 

16.08 

1 358 

7571 

10  Pegaai, 

K 

4 

37  5x.26 

8.712 

65     a  3a. 6 

16.35 

i359 

7580 

49  Capricorni, 

6 

3i 

38  45.3o» 

3.323 

106  48  18. 5* 

16.12 

i36o 

7583 

10  PiacisAust., 

e 

5 

38  55.41 

3.547 

lai  35  84.8* 

16.39 

i36i 

7588 

II  Cephei, 

4i 

39  4a.86» 

0.908 

19  88  43.0* 

16.47 

x362 

7595 

10  Cephei, 

V 

4* 

4i     7.53* 

1. 731 

ao  34  18. 4* 
18  aa     1.6* 

16.46 

x363 

7597 

78  Draconia, 

5 

4i  i3.o3* 

0.762 

16.47 

1 364 

7598 

81  Cygni, 

IT* 

5 

4i   i5.38* 

8.210 

4i  88  58.4* 

16.48 

1 365 

7607 

1 4  Pegaai, 

5 

43  12.63 

2.648 

60  3i  19.9 

16. 58 

1 366 

7610 

Cephei, 

5 

44  2I.68* 

1.096 

80  3a  37.1* 

16.65 

1 367 

7613 

Gruia, 

7 

3 

44  49.99 

3.672 

188    4     3.9 

ie.55 

1 368 

7618 

5 1  Capricorni, 

^ 

5 

45    6.72* 

3.285 

io4  i5  18. I* 

16.78 

1369 

7633 

d 

5 

47  40.33 

4.129 

i45  4a'   8.6 

16.81 

1370 

7634 

Indi, 

K^ 

5 

47  5i.53 

4.389 

149  43  a6.4 

16.98 

137X 

7657 

12  PiaciaAoat., 

n 

5 

52  12.57 

3.469 

119  10  i5.o 

17.05 

1372 

7672 

3 1  Aquarii, 

0 

5 

55  33. 3i 

3. no 

9a  5a  37.2 

17.19 

1373 

7684 

Gruia, 

% 

5 

57     3.47 

3.65o 

i3o  i5  55.1 

17.0a 

1374 

7686 

16  Cephei, 

5 

57     5.37* 

0.885 

17  32     0.0* 

17.06 

1375 

7688 

34  Aquarii, 

a 

3 

58    4.64* 

3.o85 

91     2  47.4* 

17.89 

1376 

7689 

22  Pegaai, 

V 

5 

58    6.89 

3.o3x 

85  4o  88.3 

17.38 

i377 

7691 

33  Aqnarii, 

I 

4^ 

58  19.77* 

3.252 

io4  35  48.3* 

17. a5 

1378 

7692 

Gruia, 

a 

2 

58  45.09 

3.824 

137  4i     3.8 

17.13 

1379 

7699 

18  Cephei, 

5 

59  22.29 

1.770 

87  36  34.3 

17.34 

i38o 

7700 

17  Cephei, 

i 

5 

59  26.04* 

1.738 

86     6     6.3* 

17.48 

i38i 

7706 

24  Pegaai, 

t 

4 

22    0     1.84 

2.788 

65  83     7.4 

i7*4a 

i382 

7721 

27  Pegaai, 

7r» 

5 

2  35.11* 

2.655 

57  33  3x.o* 

17.45 

1 383 

7723 

26  Pegaai, 

e 

4 

2  37.97* 

3.o33 

84  3a  17.3* 

17.53 

1 384 

7731 

29  Pegaai, 

«•« 

4 

3  19.76* 

2.658 

57  33  81.8* 

17.54 

1 385 

7746 

Lacerte, 

5 

5  19.65 

a.3o4 

39  55    0.6 

17.60 

x386 

7749 

21  Cephei, 

c 

4 

5  39.53* 

a. 071 

3a  33  13.9* 

17.60 

1387 

7756 

Gruia, 

/*« 

5 

6  33.93 

3.667 

i3a     5  89.4 

17.54 

i388 

7758 

24  Cephei, 

5 

6  54.77 

1. 1 70 

t8  23  5o.5 

17.65 

1 388 

7765 

Lacertc, 

5 

7  26.87 

a.  574 

5i     I  43.4 

17.53 

1390 

7767 

Tucane, 

a 

3 

8  10. 83 

4.194 

i5i     0  i4.5 

17.7a 

1391 

7773 

43  Aquarii, 

0 

4i 

8  54.85* 

3.175 

98  3i  41.6* 

17.75 

1392 

7777 

I  Lacerte, 

5 

9  26.24 

a.6o5 

5a  59  47.4 

17.79 

1393 

7778 

23  Cephei, 

e 

4i 

9  3i.i3* 

a. 197 

33  4a  II. X* 

17.81 

1394 

7788 

3o  Pegaai, 

5 

12  54.79 

3.oa5 

84  57  46.5 

17.88 

1395 

7790 

47  Aquarii, 

5 

i3  19.93 

3.319 

xia  80  49*7 

17.89 

1396 

7795 

48  Aquarii, 

7 

3 

i3  54.42* 

3.106 

92     8  a8.5* 

17.99 

1397 

7796 

3 1  Pegaai, 

4i 

i4    8.29 

a.  955 

78  32  52.7 

17.99 

1398 

7800 

a  Lacerte, 

5 

l4    50.22* 

8.465 

44  i3     1.9* 

t8.oo 

1399 

7808 

Tucane, 

S 

5 

16  35.73 

4.348 

i55  43  41.9 

17.87 

i4oo 

7814 

52  Aquarii, 

ir 

5 

22  17  36.99* 

+3.068 

89  22  55.4* 

—18.10 
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No. 

LogBltUllIM  oT 

LoffBritlmM  of                             1 

a 

b 

c 

d 

a' 

6' 

c' 

d' 

i35i 
i352 
i353 

1 354 
i355 

+9.0490 
8.7553 
8.81x8 
8.9295 
8.7386 

—8.9186 
8.6234 
8.6731 
8.7877 
8.5966 

+0.2070 
0.5254 
0.5557 
0.3267 
0.4690 

+8.9925 
—8.2798 
— 8.556X 
+8.8x69 

+7.9419 

—9.8635 
—9.3228 
-8.54x6 
—9.8618 
-9.7x75 

—9.8485 
+9.430X 
+9.6522 
—9.7965 
— 9.XX24 

— 1.2073 
1.2078 

X .2X02 
I.2XX2 
1.21X3 

—9.7747 
9.7737 
9.7692 
9.7672 
9.7671 

1 356 
i357 

1 358 

1 359 
i36o 

8.7524 
8.7882 
8.7770 
8.7546 
8.8o55 

8.6081 
8.6437 
8.63o8 
8.6o48 
8.655i 

0.45^9 

0.4241 
0.4328 
0.5190 
0.5497 

+8.2100 
+8.4607 
+8.4022 
—8.2x56 
—8.5247 

—9.7655 
— 9.8x76 
— 9.8052 
—9.3950 
—8.8274 

—9.3674 
—9.5825 
—9.5358 
+9.3728 
+9.63x1 

I. 2X21 
I.2I2X 
1.2X27 
1.2X39 
1.2X42 

9 . 7655 
9.7655 
9.7643 
9.7619 
9.76x5 

i36i 

1 362 

1 363 

1 364 

1 365 

9.2160 
9.0455 
9 . 24o4 
8.9187 
8.80x7 

9.0624 
8.8862 
9.0808 
8.7588 
8.6339 

9.9476 
0.2377 
9.8912 
0.3438 
0.4226 

+9.1007 

+8.9849 
+9.2177 

+8.7939 
+8.4937 

—9.8364 
— 9.85io 
— 9.83o5 
—9.8536 
-9.8x58 

—9.8876 
—9.8542 
—9.8923 
— 9.7903 
— 9.6096 

1.2X52 
1.2x71 
X.2172 
.    1.2X72 
1.2x98 

9.7594 
9.7555 
9.7553 
9.7552 
9.7498 

1 366 
i367 
x368 
1369 
1370 

9.1977 

8.8474 
8.7575 
8.9962 
9.0448 

9.0252 
8.6730 
8.5819 
8.8101 
8.8579 

o.o335 
0.5627 
o.5x3i 
0.6171 
0.6354 

+9.X692 

—8.6374 
—8.1488 
—8.9x33 
— 8.98XX 

— 9.829X 
+7.0792 
—9,4532 

+9-3x47 
+9.40x4 

— 9.8905 
+9.7096 
+9.3xx3 
+9.8402 
+9.8597 

1.22X3 

x .22x9 

1.2222 
X.2254 
X.2256 

9.7465 
9.7452  1 

9.7444  ' 
9.7371  1 
9.7365 

1371 
1372 
1373 

x374 
1375 

8.8ii5 
8.7570 
8.8756 
9.2793 
8.7594 

8.6064 
8.5377 
8.6498 

9.0534 
8.5292 

0.5398 
0.4921 

0.5622 

9.9582 
0.4890 

—8.4994 
—7-4577 
— 8.686 X 
+9.2586 
— 7.0209 

—9.0828 
— 9.6x01 
— 6.903 X 
—9.7909 
—9.6280 

+9.6x66 
+8.6332 

+9-7447 
— 9.9x36 

+8.X970 

X .2309 
X.2348 
X.2365 
1.2365 
1.2376 

9.7236 
9.7132 
9.7085 
9 . 7084 
9 . 7o52 

1376 
1377 
1378 

'379 
i3do 

8.7606 
8.7739 
8.93x9 
9 . 0948 
9. 1174 

8.53o3 
8.5426 
8.6988 
8.8589 
8.88x3 

0.4799 
o.5ii5 

o.58xi 

0.2520 

o.23o6 

+7.6383 
—8.1752 
—8.8008 
+9.0423 
+9.0707 

— 9.6730 
— 9.4660 
+8.9085 
— 9 . 8 1  o4 
— 9.8074 

— 8.8x3x 
+9.3371 
+9.8o5x 
—9.8843 
— 9.8902 

X.2377 
1.2379 
1.2384 
X.2391 
1.2392 

9.7051 

9.7044 
9.7030 
9.70x0 
9 . 7008 

i38i 
i382 

1 383 

1 384 

1 385 

8.8028 
8.8379 
8.7663 
8.8387 
8.9598 

8.5641 
8.588o 
8.5i6i 
8.5855 
8.6976 

0.4416 
0.4239 
0.4783 
.0.4243 
0.3625 

+8.4225 
+8.5674 
+7.7448 
+8.5683 
+8.8446 

—9.7801 
—9.7988 
— 9.6800 
—9.7978 
— 9.8105 

— 9.5572 
—9.6698 
-8.9189 
— 9.6707 
—9.8280 

1.2398 
1.2425 
1.2426 
X.2433 
1.2454 

9.6989 
9 . 6904 
9.6902 
9.6879 
9.6810 

1386 
1387 
1 388 
1389 
1390 

0.0368 
8.8979 
9.2696 
8.8786 
9.0845 

8.7731 
8.6301 
9 . 0002 
8.6068 
8.8094 

o.3i55 
0.56x6 
0.0669 
o.4o83 
0.6234 

+8.9626 
— 8.7242 
+9.2468 
+9.6772 
—9 .  0264 

— 9 . 8o4o 
—7.5563 
—9.7683 
— 9.8021 
+9 .  3oo2 

— 9.8694 
+9.7708 
—9.9221 
—9.7440 
+9.8880 

1.2458 
X.2467 

1.2471 
1.2476 

I . 2483 

9.6799 
9.6767 
9.6755 
9.6736 
9.671^ 

1391 
1392 
1393 

1394 
1395 

8.7756 
8.8690 
9.0272 

8.7764 
8 . 8090 

8.4971 
8.588o 

8.7459 

8.4792 

8 . 5o99 

o.5oo2 
o.4x55 
0.3307 

0.4797 
0.5208 

—7-9467 
+8.6485 

+8.9472 

+7.7199 

—8.3890 

— 9.5564 
—9.7964 
—9.7969 
— 9.6739 
—9.3632 

+9.1180 
—9.7269 
—9.8675 
—8.8943 
+9.53^2 

1.2491 
1.2496 

1.2497 
x.253o 

1.2534 

9.6683 
9.6665 
9.6662 
9.6536 
9.6521 

1396 
1 397 
1398 
1399 
i4oo 

8.7759 
8.7846 
8.9330 
9.1642 
+8.7791 

8.4741 
6.4816 
8.6268 
8.8495 
—8.4594 

0 . 4904 
0.4698 
0.39x3 
0.6398 
+0.4864 

—7 .  3484 
+8.0824 
+8.7884 
— 9.1240 
+6.8120 

— 9.6201 
— 9.7x08 
—9.7924 
+9.3406 
—9.6421 

+8.5242 
— 9.2498 
— 9.8079 
+9.9140 
—7.9880 

1.2539 

i.254i 

X.2548 

X.2564 

— 1.2574 

9.6499 
9 . 6490 
9.6463 
9.6395 
—9.6355 
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No. 

i4oi 

B.A.C. 

CooBtellation. 

1 

Maf. 

Right  Aaeenslon, 
Ju.  1,  1850. 

Annual 
Variation. 

North  Polar  DIM., 
Jan.  1,  1850. 

Annual 
Variation. 

7815 

3  Lacerte, 

P 

4* 

22  17  4o.35* 

+2.343 

0      /        ^ 
38  3i   16.7* 

--17.9a 

l402 

7820 

4  Lacertae, 

5 

18  26.49 

2.4x6 

4i  16  57.9 

18.10 

i4o3 

7828 

Gruis, 

«P 

4 

20  17.06 

3.624 

i34  i5  35.5 

18. i5 

i4o4 

7830 

Gniis, 

6* 

5 

20  46.75 

3.632 

i34  3o  56.6 

x8.q3 

i4o5 

7832 

55  Aquarii, 

C 

4 

21       6,37* 

3.092 

90  47     8.1* 

18.27 

(4o6 

7840 

57  Aquarii, 

e 

5 

22    42.20* 

3.184 

xoi  a6  37.3* 

18. 36 

1407 

7841 

Tucane, 

V 

5 

22    47*98 

4. 1x8 

i52  45    4.x 

18.16 

.408 

7842 

17  PiscisAust., 

P 

4 

22.57.92* 

3.437 

X23     6  5o.6* 

18.86 

.409 

7845 

5  Lacertc, 

5 

23  18. 85 

2.5o3 

43     3  33.9 

18. 3i 

i4io 

7848 

27  Cephei, 

d 

4i 

23  36. 6o* 

+  2.2X3 

32  ai     5.3* 

18. 3o 

i4ii 

785 1 

Vnm  Minoris, 

5i 

24  30.09* 

— 3.5oi 

4  38  59.3* 

18.35 

i4ia 

7855 

7  Lacertae, 

a 

4 

a5     7.35* 

+2.457 

4o  29  i4.4* 

18.35 

i4i3 

7867 

28  Cephei, 

5i 

25  3x.26 

0.537 

IK  58  4x.8 

18. 36 

i4i4 

7864 

59  Aquarii, 

V 

5 

26  28.91 

3.296 

XII  28  26.5 

18. 3i 

i4x5 

7868 

62  Aquarii, 

n 

4 

27  38.77* 

3.087 

90  53  20.3* 

18.40 

i4i6 

7886 

Octantis, 

P 

5 

3o    31.33 

6.688 

17a     9  53.6 

18.53 

i4i7 

7896 

3 1  Cephei, 

5 

32     3.90* 

1.486 

17    8     4.8* 

18.66 

t4i8 

7898 

18  Piscis'AuBt, 

e 

4 

32  21.01* 

3.338 

117  49  27.6* 

18.59 

1419 

7902 

3o  Cephei, 

5 

33  20. 56* 

2.1X4 

27  II  39.3* 

i8.«a 

i4ao 

7904 

Gruis, 

p 

3 

33  4x.22 

3.626 

137  4o    1.6 

18.60 

l43I 

7908 

42  Pegasi, 

( 

3 

33  58.89* 

2.990 

79  57    0.3* 

18.68 

1422 

7914 

43  Pegasi, 

0 

5 

34  43.24* 

2.809 

61  28  25.8* 

18.67 

i4a3 

7923 

44  Pegasi, 

V 

3 

35  58.57* 

2.8o5 

60  33  43.0* 

18.71 

1424 

7925 

Gruis, 

V 

5 

36  23. 5o 

3.731 

i44  17  18.3 

18.46 

1435 

7943 

46  Pegasi, 

i 

5 

39    12.02 

2.993 

78  35  38.4 

18.39 

1426 

7945 

47  Pegasi, 

-k 

4i 

39  z8.66 

2.883 

67  i3  19. 4 

18.85 

1427 

7946 

Gruis, 

e 

4 

39  28.04 

3.666 

i42    6  14.5 

i8.83 

1428 

7958 

48  Pegasi, 

/* 

4 

42  46. xo* 

2.888 

66  II  20. 8* 

18.91 

1429 

7961 

Cephei, 

5 

43  34.66 

2.443 

34  53  3i.3 

18.95 

i43o 

7966 

22  Piscis  Aust., 

y 

5 

44  10.71 

3.36i 

123  4o  14.8* 

19.02 

x43i 

7967 

32  Cephei, 

I 

4 

44  21.28* 

2.1X4 

24  35  i5.6* 

18. 85 

x432 

7970 

73  Aquarii, 

A 

4 

44  47' xo* 

3.133 

98  22  34.8* 

19.05 

1433 

7973 

Cephei, 

5 

45  31.53 

a.3o4 

39     5  59.3 

19.08 

1434 

7980 

76  Aquarii, 

6 

3 

46  40.95* 

+3.195 

X06  37     1.4* 

19.06 

1435 

7990 

Cephei, 

5i 

47  55.54* 

— 0 . 006 

7  38  32. 0* 

19.14 

1 436 

7992 

24  Piscis  Aust., 

a 

X 

49  21. o3* 

+3.335 

X20  a4  57.1* 

18.96 

1437 

8008 

Gruis, 

c 

5 

52     0.19 

+3.6x0 

143  33  22.8 

19.27 

i438 

8023 

I  Andromedae, 

0 

4 

55     1.79* 

+2.745 

48  28  44.3* 

19.28 

1439 

8026 

Cephei, 

5i 

55  25.07 

— o.x46 

6  27  23.7 

19.31 

i44o 

8o3x 

4  Piscium, 

? 

5 

56  14.67* 

+3.057 

86  59  1 1. 3* 

19.28 

i44i 

8o32 

53  Pegasi, 

p 

2 

56  30.53* 

2.898 

62  43  46.8* 

19.46 

1442 

8o34 

54  Pegasi, 

a 

2 

57  17.51* 

2.985 

75  36     2.8* 

19.32 

1443 

8039 

Cephei, 

5 

57  50.89 

2.25l 

23  35  55.2 

19.35 

1444 

8043 

Gruis, 

0 

5 

58  24.70 

59  27.03 

3.4x4 

i34  19  43.8 

19.28 

1445 

8o5i 

55  Pegasi^ 

5 

3.oai 

81  23  58.4 

19.37 

1 446 

8o52 

56  Pegasi, 

4i 

59  48.85 

2.916 

65  80  85. 0 

19.37 

1447 

8062 

88  Aquarii, 

c« 

4i 

a3     I  26.57 

3.212 

III  59     6.2 

19.48 

i448 

8067 

Gruis, 

i 

5 

I  50.78 

3.4x9 

i36     3  23.8 

19.70 

1449 

8069 

89  Aquarii, 

c» 

5 

I  53.85 

3.219 

ii3  16     7.2 

19.46 

;i45o|8o74 

33  Cephei, 

T 

5 

23     3     8.53* 

+  X.882 

l5    25    82.1* 

—  19.39 
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No. 

i4oi 
i4o2 
i4o3 

i4o4 
i4o5 

Lofarlthms  of 

Logarlthma  of                              | 

a 

h 

c 

d 

a' 

b' 

c' 

df 

+8.9847 
8.9604 
8.9264 
8.9388 
8.7822 

— 8.6649 
8.6367 
8.5937 
8.5936 
8.4454 

+0.3703 

0.3834 
0.5587 
o.55qo 
0.4883 

+8.8782 
+8.8363 
— 8.7702 
—8 .  7745 
— 6.9x92 

—9.7841 
—9 .  7843 
— 8.220X 

—8.x  847 
— 9.63x7 

—9.8486 
—9.83x8 
+9.8013 
+9.8037 
+8.0953 

— X.3574 
x.358i 
1.3598 
X .3602 
1.2605 

—9.6353 
9.6322 
9.6248 
9.6228 
9.6214 

i4o6 
1 407 
i4o» 
1409 
i4(o 

8.7923 
9.1229 
8.8607 
8.9498 
9.0559 

8.4474 
8.«7776 
8.5i46 
8.6019 
8.7064 

o.5o37 
0.6x69 
0.5353 
0.3953 
+0.3442 

—8.0898 
— 9.0718 
—8.5982 
+8.8x35 
478.9826 

— 9.536x 
+9.2232 
—9.1433 
—9.7749 
— 9.76x3 

• 
+9.2572 

+9.9086 

+9.6973 

—9.8239 

— 9.887X 

1.26x9 
I. 2619 
X.262X 
1.2624 
1.2626 

9.6x48 

9.6144 
9-6x37 
9.6122 
9.61 10 

i4ii 

l4l2 

i4i3 

i4i4 
i4i5 

9.8762 
8.9731 
9.4688 
8.8179 
,8.7877 

9.5319 
8.6160 
9.1096 
8.4537 

8.4174 

—0.5535 

+0.3875 

9.7370 

o.5i58 

0.4884 

+9.8747 
+8.8543 
+9.4593 
—8.38x5 
—6.9785 

—9.6419 
— 9.7692 
— 9.683i 
— 9.4125 
— 9.63x2 

— 9.9598 
—9.8428 
"^9.9524 
+9.5264 
+8.X546 

1.2634 
X.2639 
I . 2642 
X .265o 
X.2660 

9 . 6069 
9 . 6045 
9 . 6028 
9.5986 
9.5934 

i4i6 

i4i7 
i4i8 

1419 
1420 

9.6553 
9.3219 

8.844? 
9.1322 

8.9641 

9.2706 
8.9380 

8.4492 
8.7318 
8.56x3 

o.83o9 
o.x6o5 
o.533o 
0.3343 
0.5576 

—9.65x2 
+9.3022 
—8.5x38 
+9.0813 
—8.8328 

+9.5o3i 
—9.6863 
— 9.3214 
— 9.72x6 
—8.3075 

+9.96x8 

-9-9475 
+9/6365 

-9.9x73 

+9.8372 

I. 2681 
X.2694 
1.2697 
1.2704 
1.2707 

9.58x2 
9.5733 
9.57x9 
9.5672 
9.5656 

l42I 

1422 
i423 

1424 
i425 

8 . 7993 
8.8493 
8.8541 
9.0282 
8 . 8o5o 

8.3948 
8.4407 
8.4384 
8.6101 
8.3708 

0.4748 
0.4482 
0.4472 
0.5732 
0.4739 

+8.o4ix 
+8.5284 
+8.5456 
-8.9377 
+8.XOXX 

—9.69x4 
—9.7442 
—9.7436 
+8.56x1 
— 9.6935 

— 9.2105 
—9.6482 
—9.66x7 
+9.8800 
—9.2686 

1.2709 
1.27x4 
1.2724 
I .2727 

1.2747 

9.5642 
9.5606 
9.5544 
9.5524 
9.5382 

1426 
1427 
1428 
1429 
i43o 

8.83x7 
9.0082 
8.8374 
9.0419 
8.8794 

8.3968 

8.5734 
8.3819 

8.58x4 
8.4x53 

0.4589 
0.5637 
0.4587 
0.3879 
0.5363 

+8.4196 
— 8 . 9054 
+8.4435 
+8.9558 
—8.6233 

— 9.7272 
+J  •  6990 
9.7247 
— 9.7132 
—9.2579 

— 9 . 56o4 
+9.8698 
— 9 . 5809 
—9.8893 
+9.7x96 

1.2747 
x.2748 
I. 2771 
1.2776 
X.2780 

9.5376 
9.5368 

9.5194 
9.5i5o 
9. 5x17 

x43i 

l432 

1433 

1434 
1435 

9.1806 

8.8o48 
9. 1 1 36 
8.8198 
9.6783 

8.7154 
8.3369 

8.64x1 
8.3400 
9.X905 

0.3371 

0.4961 

0.3634 

+o.5o46 

—8.0682 

+9.1394 
— 7.968X 
+9.o55o 
—8 .  2762 
+9.6744 

— 9.6770 
—9.5824 
— 9 . 6902 
— 9.5i3i 
-9.56x5 

—9.9346 
+9.X396 
— 9.918X 
+9-4337 
—9.9743 

I. 2781 
1.2784 
1.2789 
1.2796 
1.2804 

9.5107 
9.5o83 
9 . 5o42 
9.4976 
9.4904 

i436 
1437 
i438 
1439 
i44o 

8.8672 
9.0307 
8.9319 
9.7555 
8.8075 

8.3703 
8.5x6o 
8.3963 
9.2x71 
8.3633 

+0.5197 
+0.5563 
+0.4377 
—9.3316 
+0.4845 

—8.5716 
—8.9362 

+8.7534 
+9.7527 
+7.5283 

—9.3436 
— 8.354X 
— 9.7078 
— 9.5120 
-9.65x1 

+9.6834 
+9.8861 
—9.8038 
-9.9798 
—8.7037 

1.28x3 

1.2828 
X . 2845 
X.2847 

1.2852 

9.4820 
9.4659 
9.4467 
9.4442 
9.4387 

i44i 
1442 
1 443 

1444 
1445 

8.8583 
8.8213 
9.3053 
8.9535 
8.8i35 

8.3i3i 
8.3695 

8.6494 
8.3935 
8.3457 

0.4597 
0.4739 
0.3523 
0.5337 

0.4797 

+8.5x93 
+8.2x70 

+9-1674 
—8.7979 
+7.9883 

— 9 . 7084 
—9.6880 
— 9.6224 
— 9.0966 
— 9.6704 

— 9.6442 
—9.3792 
—9.9450 
+9.8285 
—9.1594 

X.2853 
X.2858 
X.2861 

1.2864 
X.2869 

9.4370 
9.4317 
9.4279 
9.4241 
9.4x69 

i446 

1447 
1448 

1449 
i45o 

8.85o3 

8.8424 

8.9685 

8.8466 

+9.3856 

8.3798 

8.3594 

8.3833 

8.3601 

—8.7893 

o.464x 
o.5o6i 
0.5339 
0 . 5072 
+0.2743 

+8.4707 
—8.4x57 

—8.8258 

—8.4433 

+9.3697 

— 9.70x3 
—9.4883 
— 9.0810 
—9.4765 
—9.5467 

— 9.6053 
+9.5590 
+9.8433 
+9.58s5 
— 9.9706 

1.287X 
1.2879 
1.288X 
I. 2881 
— X.2887 

9.4143 
9.4027 
9.3997 

9.3994 
— 9 . 3902 
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No. 

i45i 

B.A.C. 

CoiMCeUation. 

Mag- 

Right  Aaeenaion, 
Jan.  1, 1850. 

Annual 
Variation. 

North  Polar  Dial., 
Jan.  1,  1890. 

ADnnal 
Vrr  at  ion. 

8082 

7  Andromede, 

5 

23     5  41.49* 

+2.724 

• 

4i 

24  44.8* 

—  19.58 

i452 

8o85 

90  Aquarii, 

^ 

5 

6  33.14* 

3.114 

96 

5i  24.1* 

19.35 

i453 

8093 

Tucane, 

5 

7  47-32. 

3.423 

I  52 

47  51.9 

22.39 

i454 

8098 

Tucane, 

y 

4 

8  38.54 

3.554 

149 

3  28.2 

19.55 

i455 

8io5 

6  Piscium, 

y 

4^ 

9  23.36* 

3. no 

87 

3a  II. I* 

19.61 

i456 

8109 

• 
93  Aquarii, 

r 

5 

10    6.54 

3.128 

100 

0     2.8* 

19.56 

1457 

8ii3 

Sculptoris, 

r 

5 

10  42.66* 

3.260 

123 

20  54*9* 

19.5a 

i458 

8ii4 

8  Andromede, 

5 

10  48.22* 

2.756 

4i 

48  i3.4* 

19.61 

1459 

8116 

95  Aquarii, 

r 

5 

II     9.27* 
i3  i3.i8* 

3.128 

100 

25  47.9* 

19.62 

i46o 

8i3i 

62  Pegasi, 

T 

5 

2.961 

67 

4  47-7* 

19.65 

i46i 

8i44 

98  Aquarii, 

b' 

5 

i5    5.29 

3.163 

no 

55     5.3 

19.60 

1462 

8160 

68  Pegasi, 

V 

5 

17  53.91* 

2.986 

67 

25  i5.4* 

19.79 

1 463 

8161 

99  Aquarii, 

b* 

5 

18    9.77 

3.163 

III 

27  46.2 

19.70 

1 464 

8162 

4  Cassiopee, 

5 

18  11.95* 

2.627 

28 

32  24.4* 

19.74 

1 465 

8177 

10  Piscium, 

e 

5 

20  21.61* 

3.042 

84  26  4o.o* 

19.73 

1 466 

8180 

Cephei, 

5 

20  57.42* 

2.463 

20 

27  54.1* 

19.77 

1467 

8182 

70  Pegasi, 

q 

5 

21  34.24 

3.028 

78 

3  57.3 

19.83 

i468 

8188 

Cassiopeae, 

5 

23     7.67* 

2.747 

32 

16  4o.8* 

19.82 

1469 

8201 

Sculptoris, 

P 

5 

24  54.82 

3.238 

128 

38  5o.6 

19.72 

1470 

8202 

1 01  Aquarii, 

b* 

5 

25  25.38 

• 

3.i52 

III 

44  33.5 

19.87 

1471 

8210 

Phcenicis, 

I 

5 

26  59.21 

3.247 

i33 

26  38.6 

19.70 

1472 

82i3 

Ursoe  Minoris, 

5i 

27  48.99* 

0.073 

3 

3i    II. 8* 

19.88 

1473 

8224 

16  Andromedoe, 

X 

4^ 

3o  14.43* 

2.912 

44 

21   i5.3* 

19.50 

1474 

8229 

17  Andromede, 

t 

4 

3o  47.57* 

2.918 

47 

33.42.7* 

19-94 

1475 

8232 

102  Aquarii, 

u^ 

5 

32     o.i3 

3. 119 

io5 

3     4.1 

19.89 

1476 

8233 

17  Piscium, 

I 

4^ 

32  14.34* 

3. 112 

85 

II    10.7* 

19.47 

1477 

8237 

19  Andromedc, 

K 

4^ 

33     1.99* 

2.927 

46 

29  44.8* 

19.94 

1478 

8238 

35  Cephei, 

7 

3 

33  14.02* 

2.391 

i3 

12  16.6* 

ao.09 

1479 

8240 

io3  Aquarii, 

A» 

5 

33  47.62 

3.123 

108 

5i   18.8 

19.87 

1 480 

8242 

io4  Aquarii, 

A« 

5 

33  58.44 

3.126 

108 

38  5o.5 

20.00 

i48i 

8243 

18  Piscium, 

A 

5 

34  23.55* 

3.064 

89 

2  42.4* 

19.80 

1482 

8255 

106  Aquarii, 

t' 

5 

36  25.17 

3.123 

109 

6  3i.3 

19.98 

1 483 

8266 

78  Pegasi, 

5 

36  27.33 

3.106 

61 

28     5.6 

19.96 

1 484 

8261 

20  Andromedae, 

V' 

5 

38  36.99* 

2.948 

44  24.44.2* 

19.96 

i485 

8268 

5  Cassiopee, 

r 

5 

39  44.77* 

2.891 

32 

11     0.2* 

20.  o4 

i486 

8273 

Cephei, 

5 

4o  46.33 

2.8i3 

23 

I   34.8 

19.99 

1487 

8275 

Sculptoris, 

6 

5 

4i     6.39* 

3.i4i 

118 

57  33.4* 

19.89 

i488 

8290 

Octantis, 

t 

5 

43    5.70 

3.715 

175 

5i     9.9 

19.98 

1489 

83i4 

Cephei, 

■ 

5 

47  35.90 

2.852 

16 

25  24.9 

20.14 

1490 

83i9 

Octantis, 

7' 

5 

49    8.23 

3.474 

173 

0  18.4 

19.79 

1491 

8323 

Tucanc, 

n 

5 

49  39.75 

3.170 

i55 

7  5o.5 

20.11 

1492 

8328 

27  Piscium, 

5 

5o  59.58* 

3.072 

94 

23  18.0* 

19.92 

1493 

833i 

28  Piscium, 

w 

4* 

5i   36.63* 

3.080 

83 

58     1.8* 

19.96 

1494 

8334 

Tucane, 

e 

5 

52    4.39 

3.179 

1 56 

24  43.1 

19.94 

1495 

8344 

Cassiopee, 

5 

53  59.60* 

3 .  009 

29 

36  44.6* 

2o.o4 

1496 

8346 

29  Piscium, 

5 

54    8.17* 

3.075 

93 

5i  44.5* 

20.07- 

1497 

8349 

3o  Piscium, 

4^ 

54  15.96* 

3.082 

96 

5o  52. 0* 

2O.03| 

1498 

8358 

2  Ceti, 

4 

56     3.12* 

3.082 

108 

10  14.9* 

20.071 

1499 

8366 

Cassiopes, 

5 

57    23.00/* 

3.044 

29 

3i   17.2* 

20.4>5| 

rSool  8368 

33  Piscium, 

5 

23  57  39.39* 

+3.076 

96 

32  48.7* 

—  20.10] 
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No. 

z45x 

Logarithms  of 

Logarithnui  of                             | 

a 

b 

c 

d 

a' 

b' 

c' 

d' 

+8.9911 

—8 .  3740 

+0.4337 

+8.8661 

—9.6658 

—9.8627 

-1.2899 

— 9.3706 

i452 

8.8z5i 

8.1908 

0.4925 

— 7.8921 

— 9.6o56 

+9.o65o 

1.2903 

9.3638 

i453 

9.i525 

8.5x77 

0.5633 

— 9.Z016 

+7.3979 

+9.9377 

1.2909 

9.3538 

1454 

9.X018 

8.4596 

0.5522 

—9.0351 

— 8.5xx9 

+9.9223 

1.29x2 

9.3468 

1455 

8.8x36 

8.1648 

0.4854 

+7-4471 

9.6464 

—8.6228 

I. 2915 

9.3405 

1 456 

8.8202 

8.x65o 

0.4944 

— 8.0599 

9.5910 

+9.2294 

1.29x9 

9.3344 

1457 

8.89x9 

8.23X2 

o.5i3o 

— 8.632X 

9.3895 

+9.7300 

1.292X 

9.3292 

i458 

8 . 9900 

8.3285 

0.4397 

+8,8624 

9.65x4 

—9.8623 

1.292X 

9.3284 

1459 

8.82x2 

8.X565 

0.4945 

— 8.0790 

9.5894 

+9.2478 

1.2923 

9.3253 

i46o 

8.85o5 

8.1665 

0.4707 

+8.4410 

9 . 6800 

-9.138x3 

Z.293X 

9.3069 

i46i 

8.8451 

8.X429 

o.5oix 

—8.3978 

9.5262 

+9.5443 

1.2938 

9.2894 

1462 

8.85x2 

8.1202 

0.4726 

+8.4355 

9.6728 

— 9.5769 

1.2949 

9.2617 

z463 

8.8478 

8.ii4i 

o.5oo5 

—8.4x12 

9.5283 

+9.5561 

1.2949 

9.2590 

1 464 

9.X374 

8.4o33 

0.4x91 

+9.08x2 

9.5643 

— 9.9365 

1.2950 

9.2587 

i465 

8.8194 

8.06x7 

0.4840 

+7.8054 

9.65x9 

—8.9794 

1.2957 

9.2358 

1 466 

9.2740 

8.5096 

0.3915 

+9.2457 

9.492X 

— 9.9654 

1.2959 

9.2293 

1467 

8.8273 

8.o558 

o.48o5 

+8.1428 

9.6619 
9.564S 

— 9 . 3094 

1.296X 

9.2224 

i468 

9.0907 

8.30IO 

0.4364 

+9.0x78 

— 9.92x5 

1.2966 

9.2047 

1469 

8.9262 

8.1x45 

0.5097 

—8.7217 

9.3869 

+9  •  7904 

1. 2971 

9.1833 

1470 

8.85x0 

8.0329 

0.4984 

—8.4197 

9 . 5408 

+9.5638 

1.2973 

9.1770 

147 1 

8.9584 

8.1200 

0.5X22 

—8.7958 

9.3353 

+9.8329 

1-2977 

9.1570 

x47« 

o.o3x5 

0.X823 
8.09x7 

8.3892 

+o.o3o6 

9.22x4 

—9.9949 

1.2979 

9.1466 

1473 

8.9757 

o.46x4 

+8.8300 

9.5977 

— 9.8507 

X.2986 

9.1123 

1474 

8.9523 

8 . 0600 

0.4647 

+8.7815 

9.6086 

—9.8256 

1.2987 

9.104X 

1475 

8.8358 

7.9249 

0.4934 

— 8.25o3 

9.5883 

+9. 4X12 

X.2990 

9.0859 

1476 

8.8223 

7.9077 

0.4853 

+7 -7461 

9 . 6459 

— 8.9207 

X.2990 

9.0822 

1477 

8.9604 

8.o33i 

0.4656 

+8.7982 

9.5973 

—9.8348 

X.2992 

9.0697 

1478 

9.4622 

8.53x6 

o.38x4 

+9-45o5 

9.3274 

—9.9854 

1.2993 

9.0664 

1479 

8.845o 

7.9051 

0.4945 

—8.3545 

9.5726 

+9.5066 

1.2994 

9.0573 

i48o 

8 .  8445 

7.9016 

0.4944 

—8.3493 

9.5740 

+9.5020 

1.2994 

9.0543 

i48i 

8.82x3 

7.87x2 

0.4869 

+7-0434 

9.6393 

—8.3194 

1.2995 

9.0472 

1482 

8.8462 

7.860X 

0.4939 

—8.36x3 

9.5758 

+9.5127 

1.2999 

9.0116 

i483 

8.8778 

7. 89x1 

0.4766 

+8.5569 

9.6338 

—9.6768 

1.2999 

9.0109 

1 484 

8.9770 

7.9482 

0.4689 

+8.8309 

9.5686 

— 9.8520 

I . 3oo3 

8 . 9692 

1 485 

9.0958 

8.0433 

0.4599 

+9.0233 

9.4854 

— 9.9259 

X . 3oo5 

8.9458 

i486 

9.2300 

8.X548 

0.4482 

+9.1940 

9 . 3924 

— 9.9624 

1.3007 

8.9232 

1487 

8.8804 

7.7975 

0.4958 

—8.5655 

.—9.53x2 

+9.6835 

X . 3007 

8.9156 

1 488 

9.7278 

8.5965 

0.5862 

— 9.7245 

+8.28x0 

+9.9954 

x.3oio 

8.8674 

1 488 

9.-37I9 

8.X056 

o.45xi 

+9.3538 

— 9.2420 

—9.9813 

i.3oi6 

8.7331 

1490 

9.7378 

8.4x39 

0.5547 

—9.7346 

7.7709 

+9.9963 

I. 3017 

8.6756 

1491 

9.1997 

7.8542 

o.5o53 

—9.1574 

9.i5xi 

+9.9573 

x.3oi8 

8.6541 

1492 

8.8249 

7-4194 

0.4878 

— 7 . 7086 

9.6332 

+8.8834 

I. 3019 

8.5942 

1493 

8.8260 

7.3897 

0.4865 

+7.8477 

9.6389 

— 9.02x3 

I. 3019 

8.5634 

1494 

9.2214 

7 . 7605 

0.5020 

— 9.X835 

9. I 523 

+9.96x9 

I . 3020 

8.5388 

1495 

9.1299 

7.5487 

0.4784 

+9.069X 

9.375X 

— 9.939X 

I.302I 

8.4x86 

1496 

8.8248 

7.2327 

0.4876 

—7.6532 

9.6348 

+8.8283 

I.3o2I 

8.4078 

i497 

8.8269 

7.2250 

0.4878 

—7.9033 

9.63x3 

+9-0763 

I.302I 

8.3980 

1498 

8.8461 

7.0822 

0.4883 

—8.3400 

9 . 6095 

+9.4939 

I . 3022 

8.236o 

1499 
i5oo 

9.x3x3 

7.1898 

0.4834 

+9.0709 

9.3499 

— 0.9396 

1.3022 

8.o585 

+8.8267 

— 6.836o 

+0.4875 

—7.8837 

—9.6334+9.0570 

— X.3o22 

— 8.0092 

4G0 


Table  XXXL 


Secular  Variatum  of  ihe  Annual  Prteettum  in  Right  Aseensum, 


Star. 

Sec. 

Var. 

star. 

2 

-h  0.0488 

2X3 

5 

—  0 

.2212 

219 

9 

—  0, 

.0587 

225 

lO 

—  0 

.0709 

228 

12 

—  0, 

.0951 

23l 

i6 

+  0. 

►  0467 

235 

i8 

+  0. 

►  0673 

272 

19 

—  o« 

►  0475 

277 

20 

—  0. 

.0475 

288 

21 

—  o« 

•  0469 

289 

23 

-f-o, 

,o468 

293 

27 

+  0. 

.0529 

3oo 

28 

—  0. 

.o384 

3o3 

3i 

+  0, 

.0370 

33i 

38 

+  0, 

.o58i 

4o5 

39 

+  0. 

.0439 

4ii 

43 

-f  0, 

»o4i2 

422 

44 

-f-  0. 

0686 

424 

46 

+  I. 

2222 

425 

5i 

+  0, 

o36o 

447 

53 

+  0. 

o4o8 

452 

57 

+  0. 

o565 

463 

60 

-fll. 

4276 

471 

64 

-f  0. 

0396 

495 

65 

-f  0. 

.1173 

498 

66 

-f  0 

0748 

5x1 

73 

-f  0. 

0399 

5x2 

74 

-f  0. 

1390 

52X 

75 

-f  0, 

0426 

523 

81 

+  0, 

0462 

525 

86 

+  0, 

.o5o8 

529 

92 

+  0, 

0968 

532 

lOI 

+  0, 

1606 

533 

io3 

+  0. 

i83o 

534 

108 

+  0, 

0374 

536 

117 

+  0. 

0664 

537 

118 

+  0. 

1288 

555 

127 

+  0. 

0491 

557 

1 37 

+  0. 

0660 

558 

1 43 

-h  0, 

o568 

56o 

i5o 

+  0. 

0579 

562 

i5i 

-f  0. 

0675 

563 

1 58 

+  0. 

0482 

566 

160 

+  0. 

0395 

567 

162 

-f  0. 

0708 

568 

166 

+  0, 

1 108 

572 

171 

H-  0. 

2783 

574 

172 

-f  0. 

0470 

575 

176 

-f  0. 

0762 

58i 

177 

-f  0. 

0717 

586 

178 

+  0. 

0599 

589 

180 

-f  0. 

1967 

592 

x8i 

-f  0. 

042  5 

593 

i83 

+  0. 

.0421 

6o5 

188 

+  0, 

.o4o4 

608 

189 

+  0. 

0886 

610 

190 

-f  0. 

,1602 

622 

193 

+  0 

.1011 

623 

210 

+  0. 

.o832 

624 

Qt2 

+  0 

.5lI2 

63o 

See.  Var. 


+0.0729 
+0.1047 

+o.o4o4 
+0.0355 
+o.o352 
+0.0376 
+o,o4o5 
+0.0703 
+0.0977 
+0.042X 
+0.0372 

+0.2235 

+0.0668 
+0.0833 

— o,o864 
—1.4765 
— o.o366 
— 0.0434 
— o.xo54 
— 0.4520 
— 0.0375 
— o.o366 
— 0.08x2 
— 0.3909 
— 0.064 I 
— o.o423 
— o.xi85 
— 0.0392 
— 0.06x9 
— o.o5o2 
— 0.0770 
— o.xo4x 
— O.X458 
— 0.0799 
— 0.X623 
— 0.X008 
— 0.2x69 
— 0.0459 
— 0.X376 
— o.o358 
— o . o448 
— o.x3x7 
— o.x35o 
— o.o55i 
— 0.1049 
— 0.0928 
— o.o632 
— 0.0627 
— 0.0372 
— o.8x53 
— o.xo52 
— 0.X730 
— 0.0578 
— O.I 100 
—0.0839 
— o . o652 
—1.7282 
— o.xx8o 
— o . o4o4 
— 0.9968 


Star. 


63  X 
632 
64o 
645 
648 
653 
654 
656 
662 
664 
668 
671 
675 
692 

694 
698 
o3 
o5 
xo 

IX 

i4 
i5 
18 

19 
20 

21 

27 

28 

32 

35 
36 
4o 

43 
44 
48 
56 
5i 
54 

57 

58 

60 
62 
66 
68 

71 
75 

83 

86 

94 

80  X 

8o5 
807 
808 

8x4 
8x7 
8x8 
820 
821 
822 
824 


Sec.  Var. 


— O 
— O 
— O 
— O 
— o 
— o 
— o 
— o 
— o 
— o 
— o 
— o 
— o 
— o 
— o 

+0 

— o 

+0 

— o 

+0 
+0 
+0 
+0 

— o 

+0 

— o 

+0 
+0 
+0 

+0 

+0 

+0 
+0 
+  0 

— o 

+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 

+q 

+0 
+0 

+1 
+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 


s. 
X203 

o38o 
0693 
o36x 
0725 
ii6x 
1470 
0670 
09x7 
o386 
o653 
o848 
0390 
0579 
1x59 
o4x8 
o38i 
o532 
o458 

xx54 
0601 
o356 
o385 
x3x9 
o5oo 
0448 
1732 
0642 
o558 
o652 
o65x 
0389 
o5i6 

XI23 

0682 
0961 
o383 
0395 
0961 
0628 

74x4 
0579 

23x4 

232X 

x328 
o45o 
o355 
ixo5 
3966 
©567 
o526 
o36o 
0371 
o45o 
0369 
o4o9 
2860 

0424 
0820 

o358 


Star. 


1 


Sec.  Var. 


827 
829 
83x 
838 

844 
845 
848 
85o 
852 
853 
855 
856 
857 
858 
859 

874 
878 
879 
880 
882 
889 
892 
893 

894 
895 
896 
897 
903 
.905 
907 
910 
913 

9=4 
929 

934 
938 
95x 
967 
972 
975 

977 

98X 

997 
998 

006 

009 

oi3 

oi4 

018 

045 

o5x 

082 

x43 

149 
162 
175 
X77 
209 
2x0 
222 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+  2X 
—  O 

—  o 

—  o 

—  o 

—  o 

—  o 

—  o 

—  o 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


54x3 
9674 
47x4 
0435 

042  X 
0424 
o52i 
0372 

0498 

1202 

0860 
0860 
4x95 

1099 
0455 

o387 

0376 

o36x 
1009 
o436 
o4o3 
7265 
o46x 
o535 
i385 
0735 
0438 
0435 
0379 

0724 
0729 
ixx5 
0357 
1913 

1244 
o858 
2ox5 
0789 
o38i 
0369 
33x8 

1234 
2495 
xx5i 
0923 
o38x 
o54i 
0922 
o452 
2928 
o543 

i44i 
6x57 
0371 
o4i8 
0459 
o587 
0359 
0600 
o4oo 


Star. 


235 
25o 
255 
27X 
272 
273 

284 
286 
290 

294 
298 
299 
3o8 
3xo 
3x5 
3x6 
328 

334 
337 
342 
346 
36  X 
363 
369 
370 
373 

374 
378 
387 
390 
399 
4o3 
4o4 
407 

4x1 
4x3 
4x6 
420 

424 
427 
435 
437 
439 

444 
448 
453 
454 
464 
466 

472 
478 
485 
486 
488 
489 
490 
49  X 
494 
495 
499 


Sec  Var. 
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o 


+ 
+ 

+ 
+ 
+ 

+ 


+ 

+ 


1 6x4 
0962 
o352 

3200 

o6o3 
X670 
o4xx 

I205 

II7X 

1449 

3856 
6920 
0746 
363o 
5x36 

3o64 
1722 

I22X 

o658 
o368 
2683 

o354 
0426 
0682 
0837 
o356 
0389 
0476 
o38x 
0880 

1x49 

o4o8 

o4i  I 

ct,4^ 

1224 

0879 

6890 

o45C 

0699 

o54o 

2x70 

o556 

2923 

0878 

o4oo 

081 X 

0671 

0359 

0455 

4747 

0703 

o4o4 

0569 

3599 

0843 

3254 

0704 

0735 

o5oi 

o^'7 
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Secular  VariaHon  of  the  Animal  Precetaion  in  North  Polar  Distance. 


Star. 

SecYur. 

star. 

Sec.  Var. 

star. 

See.  Var. 

Star.     Sec.  Var. 

Star. 

Sec.  Var. 

Star. 
Xi33 

Sec.  Var. 

60 

4-0.713 

297 

+0.479 

4x3 

+O.62X 

592 

+o.5xx 

1028 

—  o.58o 

—0.457 

i5o 

o.43o 

298 

0.587 

4x5 

o.5oi 

622 

+0.713 

X029 

o.58i 

1x34 

9 

o.58o 

z5i 

0.447 

3oo 

1.367 

4i8 

0.632 

63o 

+0.544 

1032 

0.683 

1X36 

0.648 

166 

0.549 

3o5 

0.483 

4a  I 

0.533 

827 

— o.5o8 

xo33 

0.443 

X137 

0.671 

172 

0.462 

3o8 

0.579 

422 

0.907 

829 

— 0.646 

xo36 

0.659 

xx38 

0.817 

176 

0.529 

3zo 

0.444 

423 

(%486 

83i 

— o.5xi 

xo38 

0.664 

xx4o 

0.539 

177 

0.523 

3l2 

0.625 

424 

0.938 

857 

— 0.622 

xo4o 

o.55x 

xi4i 

0.646 

178 

o.5o3 

3i3 

0.553 

4a5 

1.273 

892 

+0.496 

1044 

—  o.6o4 

Xl42 

—0.497 

181 

0.468 

3i7 

0.592 

427 

0.469 

894 

—0.443 

1045 

+  0.913 

xi43 

+2.807 

x83 

0.481 

322 

o.45o 

4a8 

o.45o 

895 

0.577 

io46 

—  0.484 

ii44 

— 0.645 

188 

0.493 

324 

0.542 

429 

o.6zi 

896 

0.490 

xo5o 

0.527 

1x46 

0.622 

189 

o.6o3 

325 

0.432 

43i 

0.568 

.  897 

0.441 

io5x 

0.883 

1149 

Z.022 

190 

0.725 

326 

0.461 

433 

0.747 

903 

0.449 

xo55 

0.438 

xx5i 

0.855 

191 

o.44o 

327 

0.569 

443 

o.5o5 

905 

0.438 

xo58 

o.5xo 

xx53 

0.856 

192 

0.476 

328 

o.5i6 

447 

X.852 

9x3 

0.607 

1059 

0.480 

xz54 

0.474 

193 

0.636 

329 

o.45o 

449 

0.582 

914 

'o.45i 

io6x 

0.7x8 

xi55 

0.540 

210 

o.63i 

33i 

1. 143 

45o 

0.538 

920 

0.462 

X062 

0.525 

xx56 

o.8o4 

211 

0.454 

333 

0.438 

452 

0.743 

924 

0.476 

io63 

0.709 

1x62 

0.894 

3Z2 

i.z6o 

334 

0.461 

454 

o.43o 

934 

0.696 

X064 

0.666 

xx65 

0.5x9 

216 

0.489 

335 

o.56i 

455 

0.483 

935 

0.455 

xo65 

0.524 

1x66 

0.532 

218 

0.475 

336 

0.441 

456 

o.64o 

937 

0.432 

X066 

0.774 

X167 

o.5i8 

225 

0.553 

340 

0.475 

458 

0.585 

938 

0.629 

1067 

0.548 

XX7X 

o.5io 

226 

0.441 

34 1 

0.476 

462 

0.481 

942 

0.434 

1070 

0.665 

XX79 

0.543 

228 

0.542 

345 

0.439 

464 

0.685 

947 

0.465 

1071 

0.585 

X182 

0.509 

23l 

0.557 

346 

0.475 

465 

0.499 

948 

o.45o 

X072 

0.526 

xx84 

0.574 

233 

o.5i8 

347 

0.517 

467 

0.559 

952 

0.444 

1073 

0.585 

xi85 

o.53x 

235 

0.574 

348 

0.556 

470 

0.577 

954 

0.486 

X075 

0.620 

X186 

0.591 

240 

0.477 

349 

0.435 

All 

0.874 

956 

0.436 

1078 

0.496 

1187 

o.45o 

241 

0.441 

352 

0.438 

472 

o.5i6 

958 

0.526 

1081 

0.471 

X189 

0.576 

246 

0.449 

355 

o.6o3 

475 

0.448 

960 

0.435 

X082 

i5.545 

XX90 

0.583 

248 

o.45o 

356 

0.534 

476 

0.529 

961 

0.491 

io83 

0.849 

XX9X 

o.5o3 

25o 

0.453 

359 

0.604 

48o 

0.524 

962 

0.439 

xo84 

0.600 

XX  92 

0.456 

25l 

0.469 

36o 

0,780 

48 1 

0.466 

964 

0.441 

X086 

0.488 

1193 

o.5i5 

252 

0.445 

36 1 

0.730 

482 

o.5o3 

965 

0.458 

1087 

0.52X 

X196 

0.490 

254 

0.460 

364 

0.548 

488 

o.5o3 

967 

0.683 

X089 

o.43o 

120X 

0.60X 

255 

o.45i 

367 

0.519 

490 

0.485 

968 

0.468 

X090 

0.608 

X202 

0.602 

256 

o.45i 

369 

0.47a 

491 

0.497 

969 

0.442 

X092 

0.548 

X204 

0.483 

258 

0.453 

371 

0.717 

495 

X.299 

975 

0.576 

1093 

0.592 

Z2o5 

0.577 

261 

0.460 

374 

o.64i 

499. 

0.483 

977 

x.x57 

X094 

0.437 

1209 

0.673 

262 

0.440 

375 

0.648 

5xx 

o.58o 

978 

0.472 

1097 

o.56i 

12X6 

0.448 

266 

o.45o 

376 

0.595 

5X2 

0.773 

984 

0.458 

X098 

0.533 

X2I7 

0.495 

269 

o.45o 

38o 

0.481 

5x4 

o;448 

986 

0.470 

X099 

o.48x 

I2I8 

0.436 

270 

0.486 

382 

0.517 

5i6 

0.457 

989 

0.457 

xio3 

0.460 

X225 

0.459 

272 

0.674 

383 

0.532 

523 

o.6o5 

994 

0.485 

xio5 

0.433 

X235 

0.930 

277 

0.807 

384 

.0.519 

525 

o.56i 

996 

0.5x7 

XX07 

0.438 

1238 

0.544 

278 

0.442 

385 

0.772 

526 

o.5o6 

997 

1. 117 

1x09 

o.84i 

1242 

0.480 

279 

0.449 

386 

0.499 

529 

0.61X 

xooo 

0.455 

IIXO 

0.476 

1249 

0.475 

280 

0.439 

388 

0.786 

532 

0.653 

1 001 

0.471 

XIXX 

o.68x 

X25o 

0.741 

281 

0.467 

389 

0.966 

537 

0.625 

1006 

0.8x7 

IXX2 

0.558 

X25l 

—0.488 

282 

0.661 

391 

0.497 

557 

0.453 

X007 

0.526 

11x5 

0.563 

X27I 

+6.481 

284 

0.432 

392 

0.808 

558 

0.599 

1008 

0.498 

ixx6 

0.439 

1272 

— 0.585 

285 

0.539 

394 

0.558 

562 

0.439 

lOII 

0.443 

1X17 

0.808 

1284 

—0.497 

286 

o.46d 

395 

0.529 

563 

0.568 

ioi3 

0.709 

xix8 

0.554 

1286 

— 0.654 

287 

0.563 

396 

0.773 

566 

0.565 

10X4 

0.848 

1 120 

o.65o 

X290 

—0.637 

289 

0.737 

399 

0.673 

567 

0.447 

10x5 

0.469 

1122 

0.832 

1294 

—0.663 

290 

0.597 

4oo 

0.528 

568 

0.522 

1018 

0.700 

1124 

0.523 

1299 

+4.641 

291 

0.582 

4o4 

o.5i8 

572 

0.493 

1022 

0.538 

1126 

—  0.593 

i3o8 

—0.526 

293 

0.724 

4o5 

X.5l2 

575 

1     0 . 44o 

X022 

0.454 

1127 

+  0.653 

i3io 

— o.83o 

294 

o.5oo 

4o8 

0.470 

586 

;    0.895 

X02^ 

0.556 

1128 

+  0.653 

1 334 

— 0.490 

296 

+0.655 

|4ii 

+4.450 

589 

1  +O.452I    X025 

— 0.557 

X129 

—  0.559 

t 

462  Table   XXXIIL— Elements  op  the   Planetary  System. 


Name. 


Mercury 

Venus 

Earth 

Mars 

ABteroldi. 

Jupiter 

SaWn 

Uranus 

Neptune 


00 


? 


Dlsuuiea  fWmi  the  Son. 


Mean. 


0.3870984 
O.71J33317 
I .0000000 
1.623691 

5.302767 

9.53885o 
19.18239 
3o. 03627 


Greatest. 


0.4666927 
0.7282636 
1.0167761 
1.6667796 

5.463663 
10.073278 
20.07630 
30.29816 


Least. 


0.3076041 
0.7x83998 

0.9832249 
I. 3816026 

4>96i87i 
9.004422 
18.28848 
29.77438 


Ecoentrtfitty. 


0.2066178 
0.0068183 
0.0167761 
0.0932628 

o. 0482235 
0.0660266 
0.0466006 
0.0087193 


SIdffeal  RerolatkHi. 


Sjnodieal 

Revoln- 

tion. 


Days. 
87.9692824 
224*7007764 

366.2663744 
686.9794661 

4332.5848o32 
10769. 2197106 
3o686.82o5556 
60126.729 


Days. 

116.877 
683.921 

779.936 

398.867' 
378.090. 
369.666! 
367.488 


Name. 


Mercury 

Venus  

Earth 

Mars 

Asteroids, 

Jupiter 

Saturn 

Uranus 

Neptune. . . 


Longitude  of  the 
Perilielion. 


74  67 

124  i4 

1 00  IX 

333  6 

II  46 

89  64 

168  6 

47  17 


27.0 
26.6 
37.0 
38.4 

32.8 
4i.2 

24 

68.0 


Annual 
Variation. 


Longitude  of 
Asoendlng  Node. 


+  6.81 
—  3.24 
+  11.24 

+16. 46 

+  6.65 
+  19.31 
+  2.28 


46  23  56.0 

76  II  29.8 

48  x6  x8.o 

98  48  37.8 

112  16  34.2 

73  8  47.8 

i3o  10  12.3 


Annual 
Variation. 


— 10.07 
— 20. 5o 

— 26.22 


16. 
19 


.90 

.54 
36. 06 


Indination  oi 
Orbit. 


7  O  x3.3 
3  23  3i.4 

I  5x     5.7 

1  18  42.4 

2  29  29.9 
o  46  29.2 
x  46  69.0 


Ananal 
Variatkm. 


Meui  daily 
Mocloo. 


+0.18 
+0.07 

— o.oi 

— 0.23 

— 0.16 
+o.o3 


246  32.6 
96  7.8 
69  8.3 
3i  26.7 

4  69.3 
2     0.6 

43.4 
21.6 


Con- 


sioo.t 


h 


TTO 


i 


Name. 


San 

Mercury 
Venus., 
Kirth . . 
Mars.-, 

Asteroids. 
Jupiter . 
Saturn  . 
Uranus. 
Neptune 


Time  of 
Rotation. 


A     in.     9, 

O07  48 
24    6  28 

23    21    21 

23  66    4 

24  37  22 

9  66  26 
10  29  17 


Diameter. 


Apparent. 


1923.64 

6.69 

17. XO 

6.8 

38.4 
X7.X 

4.x 

a.4 


In  MUes. 


888,646 

3,089 

7,896 

7,926 
4,070 

92,164 
76,070 

36,2x6 
33,610 


Volume. 


1416226 
0.0696 
o . 9960 
I . 0000 
O.I364 

x49X«o 

772.0 

86.6 

76.6 


Mass. 


364936 
0.0729 
0.9101 
I . 0000 
o.i324 

338.718 

X 01. 364 

x4>26x 

18.900 


Density. 


0.260 
1.226 
0.908 
X.ooo 
0.972 

0.227 
o.i3i 
0.167 

0.32I 


Light  at 


Perihelion. 


10.68 

1*94 

I.o34 

0.624 

o.o4o8 

O.OI23 

0.0027 

O.OOII 


Aphelloii. 


4.69 
X.9I 
0.967 

o.36o 

0.0336 
0.0099 

0.0O29 
O.OOII 


GrtTfty. 


28.36 
0.48 
0.90 
1. 00 
0.49 

2.45 
X.09 
0.76 
1.36 


Ihnin 
one  See. 


Feec.   : 

456.6 

7-7' 
i4.5 

16. i| 
7'V 

39..^, 
17.6 

12.3 

21.8.' 


The  preceding  elements  of  Neptune  are  for  the  beginning  of  1854 ;  the  otiien  vre  for  the  be- 
ginning of  1840. 


Table   XXXIV. — Elements  of  the   Satellites.    463 


Elements  of  the  Moon. 

Mean  distance  from  the  earth 69.96435  terrestrial  radii. 

Mean  sidereal  revelation 27.321661418  days. 

Mean  synodical  revolution 29.530588715  days. 

Mean  longitude  January  i,  1801 118°  17'    8". 3. 

Mean  longitude  of  perigee  at  do 266°  10'    7". 5. 

Mean  longitude  of  ascending  node  at  do 1 3°  53'  17".  7. 

Mean  inclination  of  orbit 5°    8'47".9. 

Mean  revolution  of  nodes 6798 .  279  days. 

Mean  revolution  of  perigee 3232 .  575343  dajrs. 

Eccentricity  of  orbit o.o548442. 

Diameter  of  the  moon 21 53  mil^. 

Density,  that  of  the  earth  being  i o, 5657. 

Mass,  that  of  the  earth  being  1 0.011399. 


EUmenU  of- the  Satellite*  of  Jupiter. 


S«t 


I 

2 
3 

4 


Sidereal  RertdntioB. 


d.   h,    tn.        9, 
I   18  27  33.5o5 
3  x3  i3  42.040 
7  3  4a  33.36o 
16  t€  32  I I. 271 


Diatanee  In 
Radii  of  Jupiter. 


6jo4853 

9.62347 

x5.35o24 

26.99835 


Ortiit  inclined 

to  Japtter*a 

Equator. 


007 
016 
O  5  3 
o    o  24 


Diameter. 


Apparent. 


1.0x5 
0.9IX 

X.488 
X.273 


In  Miles. 


2436 
2x87 
3573 
3o57 


Mass,  that  of  Japl- 
ter  being  1. 


.000017328 
.00002 32 35 

.000088497 
.000042659 


Element*  of  the  Satellite*  of  Saturn. 


Sat. 


Sidereal  Reroliition. 


I 

2 
3 

4 
5 
6 

7 
8 


d.     h,       flU 
O   22  36 

1  8  53 

X  2X  18 

2  17  44 

4  X2  25 
l5  22  4i 

21  4  20 
79  7  54 


9. 

X7.7 
2.7 

33.0 

5l.2 
XX. X 

24.9 

4o.8 


Distance  in 
Radii  of  Sat- 
urn. 


3.x4o8 
4*o3i9 
4*9926 
6.399 
8.932 
20.706 
25.029 
64 '359 


Eccentrieity. 


o . 06889 
Uncertain. 

o.oo5x 

0.02 

0.02269 

0.029223 
o.xx5 

0.025 


Longitude  of 
Peri-Satuminm. 


io4  4a 

1 84  36 

42  3o 

95 
244  35  5o 
295 
i3o 


Mean  Longitude. 


264  16  36 
67  56  25 
x58  3i  o 
3s7  4o  48 
353  44  o 

137   2X    24 
32 

269  37  48 


Epoch. 


X 789. 706 

1789.705 

i836.3o8 

I836.0 

I836.0 

x83o.o 

1849.0 

1790.0 


Element*  of  the  Satellite*  of  Uranu*. 


Sat. 


I 
2 
3 
4 


Sidereal  Revolution. 


Daily  Motion. 


Days. 
2.52o35 

4.14397 
8.705886 

x3. 463263 


x4a.8373 
86.8732 
4x. 35x33 
26.73943 


Mean  apparent 
Distance. 


x3.54 
X9.28 

3X.44 
42.87 


Mean  Dintance  in 
Miles. 


XX9994 
X70863 
278627 
379921 


Element*  of  the  Satellite  of  Neptune, 

Sidereal  revolution 5d.  2xA.  am.  44*. 

Apparent  mean  distance x6".98. 

True  mean  distance 235,8oo  miles. 

Orbit  inclined  to  the  plane  of  ecliptic idi.^ 
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Table  XXXV. — Elements  of  the  Asteroids. 


Na 


Namoi 


Dit'covo'-el 


Witeu. 


liy  wiiom. 


Wuere. 


1^ 


IfeanDli- 
Unoe. 


Eoo60kric' 
ity. 


PsrioiL 


I 

a 
3 

4 
5 
6 

7 
8 

9 

[O 

I 

2 

3 

4 
5 
6 

7 
;8 

9 

20 
21 
22 
23 

24 


Ceres 

Pallas 

Juno 

Vesta 

Astnea 

Hebe 

Iris 

Flora 

Metis 

Hygeia      | 

Parthenope 

Clio 

Egeria 

Irene 

Eunomia 

Psyche 

Thetis 

Melpomene 

Fortuna 

Massilia 

Lutetia 

Calliope 

Thalia 

Themis 


33 

34 
35 
36 

3? 
38 

39 
4o 

4i 

42 

43 

44 
45 
46 

4? 
48 

49 
5o 

5i 

5a 

53 

54 
55 
56 


25  Phocaea 

26  Proserpina 

27  Euterpe 

28  Bellona 

29  Amphitrite 

30  Urania 
,3j— Buphrosyne 
S9-  Pomona 


Polyhymnia 

Circe 

Leucothea 

Atalanta 

Fides 

Leda 

L«etitia 

Harmonia 

Daphne 

Isis 

Ariadne 

Nysa 

Eugenia 

Hestia 

Aglaia 

Doris 

Pales 

Virginia 

Neraausa 

Europa 

Calypso 

Alexandra 

Pandora 

PseiL-Daph. 


801,  Jan.  X 
802  J  March  28 
8o4,  Sept.  I 
807,  March  29 
845,  Dec.  8 
847,  July  I 
847,  Aug.  1 3 

847,  Oct.  18 

848,  April  25 

849,  April  1 2 

850,  May  1 1 
85o,  Sept.  1 3 
85o,  Nov.  2 
85i,May2o 
85i,  July  29 
85a,  March  17 

85a,  April  17 
85a,  June  24 
85a,  Aug.  aa 
85a,  Sept.  19 
85a,  Nov.  1 5 
85a,  Nov.  16 
85a,  Dec.  i5 
853,  April  5 

853,  April  6 
853,  May  5 

853,  Nov.  8 

854,  March  x 
854,  March  i 
854,  July  aa 
854,  Sept.  I 
854,  Oct  a8 

854,  Oct.  28 

855,  April  6 
855,  April  19 
855,  Oct.  5 

855,  Oct.  5 

856,  Jan.  12 
856,  Feb.  8 
856,  March  3 1 

856,  May  23 

856,  May  23 

857,  April  i5 
857.  May  27 
857,  June  27 
857,  Aug.  16 
857,  Sept.  1 5 
857,  Sept.  19 

857,  Sept.  19 

857,  Oct.  4 

858.  Jan.  aa 
858.  Feb.  4 
858;  April  4 
858,  Sept.  10 
858.  Sept.  10 
857^  Sept  9 


Piazzi 

Olbers 

Harding 

Olbers 

Hencke 

Hencke 

Hind 

Hind 

Graham* 

Gasparis 

Caspar  is 

Hind 

Gasparis 

Hind 

Gasparis 

Gasparis 

Luther 

Hind 

Hind 

Gasparis 

Goldschmidt 

Hind 

Hind 

Gasparis 

Chacornac 

Luther 

Hind 

Luther 

Marth 

Hind 

Ferguson 

Goldschmidt 

Chacornac 

Chacornac 

Luther 

Goldschmidt 

Luther 

Chacornac 

Chacornac 

Goldschmidt 

Goldschmidt 

Pogson 

Pogsoii 

Goldschmidt 

Goldschmidt 

Pogpon 

Luther 

Goldschmidt 


Palermo 

Bremen 

Lilienthal 

Bremen 

Driessen 

Driessen 

London 

London 

Markree 

Naples 

Naples 

London 

Naples 

London 

Naples 

Naples 

Bilk 

London 

London 

Naples 

Paris 

London 

London 

Naples 

Marseilles 

Bilk 

London 

Bilk 

London 

London 

W'sh'gton 

Paris 

P&ris 

Paris 

Bilk 

Paris 

Bilk 

Paris 

Paris 

Paris 

Paris 

Oxford 

:Oxford 

Paris 

Paris 

Oxford 

RPk 

Paris 


I 

Goldschmidt  Paris 
Ferguson       Wsh'gton 
Laurent         Nismes 
Goldschmidt  Paris 
Luther  Bilk 

Goldschmidt  Paris 
Searle  Albany 

Goldschmidt!  Paris 


7-7 

7-9 
8.7 

6.6 

10. 0 
8.6 
8.6 
8.9 

8.9 
9.8 
9.5 
9.6 
9.9 

9-7 
9.1 

10. 1 

9.9 
9.5 

9-7 
9.3 

10.3 

10.6 

IX. o 

II  .6 

10.5 
10.7 
9.9 
9.8 
9.1 
0.1 
1.6 
i.o 

1.4 
1.5 
a. I 
a. 9 
0.5 
0.9 
9.3 
9.x 

10. a 
9. a 
10.3 
9.5 
II  .0 
10.8 
la.i 
II. 3 

la.a 
ia.6 
10. o 
10.5 

11. 0 

10.5 

11. 1 
la.i 


2.765938 
2.770386 
2.668678 
2.36x339 
2.576500 
2.425418 

2.386i47 
2. 201 386 

a. 385730 
3.149373 
3.45a588 
a.33a8ii 
a.5756a5 
a. 589368 
a. 644180 
3.932752 

2.473710 
2 . 296060 
2.44x368 
2.409386 
2.435431 
2.495579 
2.628824 
3.149947 

3.401060 
2.656079 
2.3473o5 
2.775177 
2.554866 
2.364199 
3.i56i58 
2 . 589039 

2.867075 
2.6883oa 
2.98x239 
2 . 748705 
2.64x907 
2.739685 
2.769387 
2.367x48 

a.4oo337 
a. 439997 
a. 203838 
2.424x63 
2.73x430 
3.53o335 
3.88x473 
3.104474 

3.085916 
a. 648638 
a. 367790 
3.099883 
a. 618545 
a. 707653 
a. 75983 I 
3.583455 


0.080257 
0.239367 
0.356176 

0.090204 
0.189992 
o.aoi657 
o.a3o832 
0.156704 

O. 133321 

0.100557 
0.098887 
0.218920 
0.084873 
o.i6533o 
0.187357 
o.x 34326 

o. 136865 
0.217076 
0.157922 
0.143696 
0.163045 
o.io363o 
0.331732 
o. I 17504 

o.a53533 
0.087531 
0.173896 
o.i545o7 
0.073383 

0.137174 
o.3i6oi3 
0.080617 

0.336987 
0.108353 

0. 331035 

0.297900 
0.174798 
0.155576 
O.III075 
0.04608 5 

o.2oa488 
o.2a56a7 
0.167565 

0.149334 
0.082427 

0.166149 
0.129497 
0.075801 

«378o4 
0.386957 
o . 066998 
o.x 00938 
0.306715 
0.199006 
o.i4ao86 
0.2370x8 


Dajab 

1680.207 
I 684- 258 
1592.365 
1325.366 
i5xo.58o 
1379.680 
1 346 . 307 
1x93.007 

1345.954 
2o4x.43o 
1402.938 
i3oi .433 
1509.810 
i5ai.9X2 
1570.486 
1835.098 

1421.090 
1370.788 
1393.312 
1 366. 033 
1388.232 
1439.977 
1556.839 
3041*989 

1358.949 
[58i .102 
i3i3.568 
i688.63o 
1491*594 
1327. 8o5 
3o48.o3o 
I 521. 620 

1773.197 
1609.961 
1880. x45 
1664.526 
1568.465 
1656.339 
1683.349 
1246.861 

X 358. 334 
1392. 1 36! 
1x94*998 
1378.607: 
1639.809: 
1470.  i6ij 
1786.567; 
1997.92b- 

X  980. 039; 

1574.45x1 
i33o.8oo: 

I 993. 493 j 
1 547  •704, 
1627.374; 
1 674.640 1 
15x6.698: 
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No. 

liongltadaof 

T>ongltiide  of      IneMnatten  of 
asoendlng  Nodoi          Orbit. 

IfMndanF 

Maan  Loogitado 

Epoch,  Waahlngton  meau 

•^^fc 

Fttrihelion. 

Motion. 

at  Epoch. 

Time. 

I 

x49  26  x3.i 

0       '         f' 

80  49  54.7 

0     '       " 
10  36  27.8 

771.3333 

0       '         " 

346  48  x5.4 

1859,  Sept.  7.0000 

2 

t 

122     7  38.4 

172  38  32.7 

34  42  29.8 

769.4780 

224  28  25.5 

x858,  May  28.7860 

3 

54    0  55.8 

170  58  22.0 

x3     3     9.8 

8x3.8848 

xo4     2  3x.x 

x858, Jan.  28.7860 

4 

25o  35  29.4 

xo3  21   X0.3 

7     8     o.i 
5  19  35.2 

977-8432 

218  26     I.I 

i858,  April  22.7860 

5 

i34  35  35.7 

i4i  24  48.5 

857.9486 

80  56     2.7 

1849,  Dec.  30.7488 

6 

x5     2  23.4 

i38  35  19.5 

i4  46  35.4 

939.3481 

124  54r  x8.6 

1857.  Feb.  12.7488 

7 

4x  29  i5.3 

259  46  16. I 

5  28     x.4 

962.  6335 

322  34  38.8 

i858'J  July  18.7488 

8 

32  54  28.3 

no  17  48.6 

5  53    8.0 

xo86.33xo 

68  48  32. 0 

1848,  Jan.  0.7488 

9 

71     3  55.6 

68  3x  3x.6 

5  36    0.6 

962.8856 

128     8  12.7 

1 858,  June  29.7488 

lO 

227  47  58.8 

287  38  34.2 

3  47    9*3 

634.8491 

354  47  47.6 

1 85 1,  Sept.  16.7488 

IX 

3x6  10   ^7.x 

125     3  4i •! 

4  36  57.^ 

923.7824 

283  56  41.9 

1 858^  June  26.7488 

X2 

3ox  39  24*7 

235  34  41.7 

8  23  19.4 

995.8341 
858.3861 

7  42     5.0 

i85o,  Dec.  30.7488 

i3 

119  12  59.0 

43  17  55.7 

r6  33     6.7 

x38  44  42.6 

1 85 1,  Dec.  5.0000 

x4 

179  28  21 .9 

86  4o    4.5 

9     7     7-4 

85i.56o8 

67  12  20.6 

1 857,  Nov.  19.7488 

i5 

27  3x     8.x 

293  56  i5.8 

IX  43  39.0 

825.2220 

238  54     5.1 

1859,  May  11.0000 

i6 

x3  16  14.8 

i5o  35  34.0 

3    4    6.5 

710.0987 

5o  5i  42.0 

i860,  Nov.  20.0000 

»7 

259  22  5l.2 

125  27  x3.3 

5  35  40.7 

911.9760 

210    I  24. s 

i856,ApiTl  3.7488 

i8 

x5  II  48.0 

i5o    4  33.3 

10    8  58.3 

X019.8395 

3o4  33  25.3 

1859,  July  2.0000 

«9 

3o  22  5o.2 

211   29  28.7 

x'  32  28.8 

930.1578 

i48  28  55.8 

i858,  March  2.7488 

20 

98  28  37.6 

206  4x  27.6 

0  4i     7.3 

948.7396 

195  16  53.9 

i858,  April  20.7488 

21 

327     2  45.2 

80  27  23.3 

3     5x1.1 

933-,56xo 

4i  24    9.0 

1 853,  Jan.  1.7488 

22 

58  16  4i.i 

66  36  54.7 

i3  44  51.9 

714.9070 

76  59    2.0 

1 852,  Dec.  30.7488 

23 

X23  58  4o.6 

67  38  34.4 

10  i3  x3.6 

832.4617 

280    7  33.7 

1859,  July  X 0.0000 

24 

x37  54     9.7 

36  xo  3o.3 

0  49     x.8 

634.6753 

3o    2  4x*5 

x856,  Sept.  24.7488 

35 

3o2  46     9.0 

2i4    4  54.6 

21  35  53.6 

053.6780 

294  4^  i3.5 

1857,  July  9.7488 

26 

235  17  26.8 

45  53  14.6 

3  35  4o.3 

019.68x5 

i8x  21  20.9 

1857,  March  19.748b 

27 

87  39    0.0 

93  44  45.0 

X  35  3x.i 

986.6260 

260  43  32.7 

1859,  June  X 3. 7488 

28 

X22    22    48.3 

144  43    5.4 

9  22  3o.8 

767.4862 

159     3  36.6 

1 854,  Feb.  27.7488 

!9 

56  39     6.6 

356  26  5i.8 

6     7  49.6 

868.8694 

293  XX  23.8 

1859,  July  8.7488 

So 

3i  23  24.7 

3o8  i3  46.3 

2     5  56.9 

976.0689 

19  3o  24*4 

1 858,  Oct.  8.7488 

3i 

93  5i     6.6 

3i  25  23. 0 

26  25  12.4 

632.8o3i 

53  49  5o.3 

i854jDec.  30.7488 

32 

193  33  42.5 

220  48     X.4 

5  28  49.x 

85X.7238 

1 34  3o  20.0 

i860, Jan.  24.7488 

33 

34o  5x  46.1 

9  x6     9.2 

I  56  4i*5 

730.8833 

266  47  55.8 

1 858,  April  X 3. 7488 

34 

149  58  35.x 

184  47  10.8 

5  26  33.2 

904.9883 

193  36  37.2 

i855,  April  9.4488 

35 

198  5i  53.9 

355  57  26.3 

8   12    X0.7 

689.3084 

173  36  XI. 3 

i860,  Feb.  i4.oooo 

36 

42    22    25.0 

359    8  48.4 

[8  42     9.5 

778.6000 

36  19  53.2 

x855,Dec.  30.7488 

3? 

66    5  35.8 

8  10  23.4 

3     7  19. 3 

826.2860 

42  34  3o.3 

X 855,  Dec.  30.7488 

38 

100  4o  28.4 

296  27  47.3 

6  58  3x.9 

782.4484 

112  55     7.2 

x855,  Dec.  80.7488 

39 

X  58  57.7 

i57  19  3i.o 

10  20  5o.7 

769.8940 

i46  44  19.7 

i855,  Dec.  31.7488 

4o 

2     I  50.9 

93  32     2.9 

4  i5  48.4 

1^39.4x00 

222  12    9.1 

X 856,  June  3o.7488 

4i 

23o    21    29.8 

180     5  5o.8 

x5  48  23.0 

954.x 100 

202  28  48.5 

x856,  May3x.2488 

42 

3x7  59  49*2 
277  i3  54.8 

84  3o  43.8 

8  34  3x.8 

930.9425 

247  46  26.0 

X 860,  Jan.  0.7488 

43 

264  29  12.7 

3  27  47.6 

1084. 5177  224    4  55.7 

1857,  April  16.7488 

44 

III  37  52.5 

i3i     I   x6.6 

3  4i  4o.8 

940.0780  278    9  28.1 

1857,  Dec.  81.7488 

45 

23o     x   X0.2 

i48     5     2.5 

6  34  57.9 

790.3345294  33  47.6 

1857,  Dec.  31.7488 

46 

354  3x     9.9 

181  26  35.3 

2  17  48.6 

881.5347 

197  i5  32.5 

i860,  March  25.2488 

4? 

3x3  43     9.0 

4  3o  39.9 

5    0  x4.4 

725.4135 

2  48  17.2 

i858,  Feb.  6.7488 

48 

77  37  40.9 

x85  x4     X.8 

6  29  42.8 

648.6710 

9  54  48.6 

x857;Dec.  81.7488 

49 

32  49  57.9 

290  29  59.9 

3     8  3o.5 

654.53x6 

XO  3o  20.3 

1 858,  Oct.  31.7488 

5o 

xo     0   X2.4 

173  32  18.7 

2  47  53.6 

823.x44o 

3x  4x  25.6 

1857,  Dec.  30.7488 

5i 

175  4i  27.7 

X75  39     8.2 
129  56  57.2 

9  36  37.9 

973.8489 

i54  23  36.x 

1857,  Dec.  30.7488 

52 

X02  x4  26.0 

7  24  34.9 

65o.ix27 

x36  26    0.9 

1857,  Dec.  31.7488 

53 

92  28  X0.7 

i44    4  X8.7 

5     6  59.0 

837.3700 

162  27  23. 0 

i858;  April  8.2488 

54 

293  56    0.4 

3x3  5o  17. 5 

XI  47     9«o 

796.3741 

346  21  55.2 

x858,Dec.  29.7488 

•  55 

II  26    7.4 

xo  57  29.3 

7  x3  3o.2 

773.8975 

28  26  I x.4 

1 858;  Dec.  29.7488 

56 

294  58  25.7 

194  52  3i.4 

7  56     2.3 

854.4862 

33o  53  38.0 

i857jSept.  12.7488 

Go 


Table   IXXVI. 


For  Sine*  and  TangcnU  eftmali 

ira. 

W.si«. 

4.6855748,7 

Diff-iu- 

Log.  Tupo.' 

LoB.iin.*-4og.AMDiffir 

°    ' 

inf.  Seg. 

Inf.  Neg. 

6.4637361 

4.6855748,7       „ 

0     0 

6.4537361 

5748,6 

°;°i 

5748,8 

06 

6.7647561 

5748,4 

6 

764756a 

5749,3 

6.9408473 

5748. 

6 

9408475 

5749;8 

.4 

3 

7.0657860 

^747,7 

i''1 

7 

0657863 

5750,6 

4 

7.1636960 

4.6855747,1 

I  "9 

7 

1636964 

4.6855751,7 

0    5 

7.34.877. 

5746,5 

°]\l 

7 

3418778 

5753,. 

i 

6 

7.3o8833g 

5745,7 

7 

3088148 

7 

7.3668.57 

5744,7 

7 

3666169 

35 

8 

7.4179681 

j'7 
;'9 

7 

4179696 

47 

9 

7.4637355 

4.66 

7 

4637373 

4 

7.5<.5m8i 

0,3I 

7 

5o5iao3 

7.5439065 

:"6 

7 

5439091 

■  3 

7.5776684 

7 

5776715 

■  3 

7.6098530 

ot 

7 

6098566 

3773,7 

59 

14 

7.6398160 

4.68 

7 

639630. 

4.6655776,3 

0  i5 

7.6678445 

,36 

,38 

7 

6941 7I6 

5780,0 

»7 

.6 

7.6941733 

7 

5784. 

'7 

7.7189966 

7 

7190036 

5788;4 

t 

18 

7.7434775 

7 

7434841 

57939 

•9 

7.7647537 

4.68 

7 

7647610 

4.66557977 

84 

7.7859<S37 

« 

,48 
,56 

7 

785o5o8 

58o2  7        " 

7.806145a 

7 

8061547 

5eo8o 

7.8354507 

7 

8354604 

5813^5  ■ 

,'a 

33 

34 

7.8439338 
7.8616633 

7 

8439444 
8616736 

56193 

34 

0    35 

4.68 

7 

4.685--  -' 

00 

o4 
08 

0  35 

26 

7.87B6953 

7 

8787077 

26 

37 

7.8,50854 

7 

895098S 

37 

38 

7.9108793 

570o;6 

7 

9108938 

23 

39 

7.9361190 

i697,3 

'60 
0,6, 
,64 

7 

9361344 

39 

0  3o 

7.9408419 

4.68556935 

7 

94o8584 

4.6855858'9       , 

0  3o 

3i 

7.9550819 

5689,8 

7 

mini 

5866,4 

3i 

33 

7.9688698 

56S6,o 

7 

5!''*^ 

37 

4: 
45 

32 

33 

7.9633334 

5632,o 

7 

9633534 

33 

34 

7.9951980 

5677,9 

,7 

9953193 

34 

0  35 

8.0077867 

4.6855673,6 

8 

0078093 

4. 

0  35 

36 

8.O3OO307 

5669,3 

°ii 

6 

0300445 

36 

37 

8.03.5195 

8. 0435009 

5664,8 

8 

03.0446 

0435374 

sS 

37 

33 

566o,3 

i77 

8 

57 
61 
65 
6, 
74 
78 
». 
86 

38 

39 

8.05478.4 

5655,5 

's? 

8 

0548094 
o658o57 

5933,0 

39 

0  40 

a. 0667763 

4.685565o,7 

o^SS 
,85 
.87 
,89 

6 

4.6855944,7       , 

0  4o 

if 

8.0764997 

5645,7 

8 

0765306 

5954,6 

4i 

43 

8.0869646 

564o,e 

6 

0669970 

5964,8 

4i 

43 

8.0971833 

5635,4 

8 

0973173 

5975a 

43 

44 

8.1071669 

563o,( 

8 

1073035 

5985,8 

44 

0  45 

8..169J63 

4.6655634,6  ' 

0,93 
,95 

8 

..69634 

4.6855996,7 

045 

46 

8. .3647.0 

6 

6007,0 
6019,3 

46 

47 

8, .358.04 

8 

13585?' 

90 
98 

47 

49 

8.1449533 

i97 

8 

1449956 

60809 

48 

49 

8.1539075 

i99 

8 

1S39516 

6o43,8 

49 

0  So 

8.1636808 

4.685 

S 

.637367 

4.6856o54,9       " 

06 

0  5o 

5i 

8.1713804 

'■^^ 

8 

1713383 

6067,3        ' 

5t 

53 

l:mill 

,o5 

a 

1797636 

6079,9 

i4 
:8 
.3 

S3 

53 

j°7 

8 

iS8o364 

6092,8 

53 

54 

8.196 ,030 

5570,. 

,09 

8 

.96.556 

6io5,9 

54 

0  55 

8. 3040703 

4.6855563,4 

8 

3o4.a59 

4.68561.9,3       , 

0  55 

56 

8. 3.. 8949 

5556,6 

8 

3.19536 

6 1 33,8       ' 

87 

56 

57 

8.3,958.1 

5549,7 

8 

3196408 

6.46,7 

57 

58 

8.327.335 

55436 

j'7 

8 

3371953 

6160,8 

58 

59 

8.3345568 

5535,5 

1I9 

8 

3346ao8 

6175,1 

}l 

59 

0  60 

S.34i8S53 

4.6855538,3 

j=» 

6 

34i9«5 

4.6856189,7 

060 

Far  Sineia 
4.6855538,3 

M  Tanfmii  ofivtaU  Are*. 

G 

DUE  10- 

Lof.T.ng««. 

L<.g.tt..A-U..i- 

l»,ttlu"- 

.       0 

8 

3418553 

1,34 
,36 
,a8 
,3o 

6.34.9315 

4.6856189,7 

M, 

1     0 

8 

a49o333 

553o,8 

8.3491015 

8.356i649 

63o4,5 

8 

3560943 

55i3,3 

63.9,6 

'55 

3 

8 

363o434 

55o5,6 

8.3631.53 

6334,9 

i" 

3 

4 

8 

36988,0 

5497,a 
4-6855489,9 

8. 3699563 

6a5o4 

4 

I     5 

B 

3766136 

■'34 

,36 
,38 
,4o 

1 

,5a 
1,54 
,56 

;" 

1,64 
,66 
,68 

8.37669.3 

4.6856366,3 

I     5 

6 

6 

3833434 

5481,9 

8.3833334 

6383,3 

6 

7 

8 

3897734 

54737 

8.3898559 

6398,6 

'i 

7 

8 

8 

3963067 

5465,5 

8.3963917 

63i5  . 

8 

9 

8 

3o3546o 

5457. 

8.3oa6S35 

633 19 

'm 
2,88 

9 

8 

3087941 

4.6855448,6 

8.3o88843 

4.6856348,9 

i3 

8 
8 
8 

3149535 
3310369 
3370163 

5439,9 
543. ,3 
5433,3 

8.3i5o463 

8.3311331 

8.3371.43 

6366; 
6383,7 
64oi,5 

13 

i4 

8 

3339343 

54i3,3 

8.3330349 

6419,5 

'M 

14 

I  i5 

8 

3387539 

4.68554o4,i 

8.3388563 

4-6856437,8 

1   i5 

i6 

8 

3445043 

Sltl 

8. 34461 oS 

64563 

16 

'7 

8 

35of8o5 

8.3503895 
8.3558953 

6475,0 

'7 

i8 

8 

3557835 

5376,0 

6494,0 

)'7 

18 

'9 

8 

36i3i5o 

5366,4 

8.36.4397 

65.3  3 

'35 

'9 

8 

3667769 

4.6855356,7 

8.3668945 

4.6856533,7 

8 

373.7>o 

5346,8 

8.37339.5 

6553,5 

8 

3774988 
3837630 

5336,8 

8.3776233 

6573,4 

!'7 

33 

8 

53a6,7 

8.3838886 

6593,6 

33 

=<( 

8 

3879623 

53.6,5 

,7" 
',75 

8.3880918 

66.3,1 

3,49 

34 

I  a5 

8 

3931008 

4.68553o6,i 

8.3933336 

4.6656633,8 

I    35 

36 

8 

398.793 

8.3983.53 

6654,8 

26 1 

a? 

8 

4o3i99o 

j77 

8. 403338 1 

6676,0 

^57 

37 

a8 

8 

40816.4 

's! 

8.4o83o37 

6697,4 

28 

39 

8 

4.30676 

;«3 

185 
,»7 

8.4.33i3a 

6719,1 

'66 

29 

I   3o 

8 

4i 79190 

4.685 

8.4180679 

4. 685674 1,0 

1 

1  3o 

3i 

8 

4337168 

8.4338690 

6763,3 

3i 

3a 

8 

4374631 

5a3o,3 

8.4376176 

6785,6 

33 

33 

8 

43a. 561 

53,8,9 

5307,5 

8. 43231 5o 

6808,3 

33 

31 

8 

;',3 

1,95 

8.4369633 
8.441S603 

68313 

34 

I   35 

4.6855.95,9 

4.6856854,4 

.   35 

36 

8 

4459409 

5i84,3 

8.4461103 

6877,8 

36 

37 

8 

5.73,4 

J  97 

8.45o6,3i 

37 

38 

8 

4548934 

5: 60,4 

,99 

8.4550699 

38 

39 

8 

4593o:3 

5i48,4 

3,o5 

8.4594814 

39  1 

I  4o 

8 

4636649 

4.6855.36,3 

8.4638486 

4 

4;°° 

4x 

6 

4679B50 

5.33,9 

8.46817x5 

4a 

8 

47aa6a6 

5.11,4 

i°7 

8.4734538 

43 

8 

4764964 

5098,9 

,"9 

8.4766933 

;•' 

44 

8 

4806933 

5o86,3 

'■3 

8.460893a 
8.465o5o5 

1  45 

8 

4848479 

4,6855073,4 

4 

4)3 1 
35 

46 

8 

4889633 

5o6o,5 

3, .5 

a. 4691696 
8.4933503 

47 

8 

4930398 

5o47,4 

4,5, 

48 

8 

4970784 

5o34,3 

i'9 

8.497=9»8 

49 

8 

501079B 

5oai,o 

'34 
,38 

8.5012983 

r  5I 

8 

5o5o447 

4.6855007,6 

8.5053671 

4.6857331,3 

5i 

8 

S089736 

4994,0 

7358,3 

5a 

8 

5138673 

4980,4 

7385,6 

53 

8 

5167364 

4966,6 

'sa 
,34 
2,36 
,38 
,4o 

,43 

.44 

8.5169610 

73i3,3 

it 

54 

8 

S3o55i4 

4953,7 

8.5307903 

7341,0 

I  55 

8 

5343430 

4.6854938,6 

8.5345860 

4-6857369,. 

4;;' 
,76 

56 

8 

538.0.7 

49=4,5 

3.5383490 

7397,4 

57 

8 

53.8381 

i9«o.» 

8.5330797 
8.53577I7 

7435,9 

h 

58 

8 

5355338 

4895,8 

7454,7 

;84 

56 

59 

8 

5391863 

48S,,3 

8.5394466 

7483,8 

^ 

I  60 

8 

5438193 

4.6854866,7 

8.543o838 

4-68575.3,1 

,88 

>  60 
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ConstanU. 


Area  of  a  circle  to  radius  i 
Circumference  of  a  circle  to  diameter  i 
Surface  of  a  sphere  to  diameter  i 
Area  of  a  circle  to  diameter  i 
Capacity  of  a  sphere  to  diameter  i 
Capacity  of  a  sphere  to  radius  i 

Diameter  of  a  circle  to  area  x 

Diameter  of  a  sphere  to  capacity  x 


V- 


n      =  3.i4i59,26536 


ir"T-4= 
=  45r-i-3= 


ir=z  X 


I-5-ff  = 
1-Mr«= 

=  M      = 


0.78539,81634 
0.62359,87756 
4*18879,02048 

12837,91671 

1.24070,09818 

X.  77245,33509 

9.86060,440x1 

0.31830,98862 

o.  10x32,1 1836 

2.71828,18285 

==  0.43429,44819 

=  X.I  4472,98858 

=    57.29677,95x30 

=  3437.74677,07849 

1=206264  •  80624,70964 

=     .01745,32925 

=     .00029,08882 

=     .00000,48481 

:=       .00000,96963 

=:  .  0000  X, 45444 

:=  1296000 

=  864oo 

=  43200 

=  5280 

=      365.25637,44x7 
=      365.24221,6787 
=        — .  00000,00669 
=  86164.09966,888 
=  86164.09054,9806 
=  86636.55534,883x4 


Base  of  Naperian  logarithms 
Modulus  of  the  common  logarithms 
Naperian  logarithm  of  ir 

C  degrees 
Arc  equal  to  radius  expressed  in  <  minutes 

(  seconds 
Length  of  one  degree  in  parts  of  radius 
Length  of  one  miiiute  in  parts  of  radius 
Sine  of  i  second 
Sine  of  2  seconds 
Sine  of  3  seconds 

36o  degrees  expressed  in  seconds  of  arc 
24  hours  expressed  in  seconds  of  time 
12  hours  expressed  in  seconds  of  time 
Number  of  feet  in  one  mile 
Sidereal  year  in  mean  solar  days 
Tropical  year,  x85o,  in  mean  solar  days 
Annual  variation 

Sidereal  rotation  of  earth  in  mean  solar  seconds 
Sidereal  (s.  e.,  equin.)  day  in  mean  solar  seconds 
Mean  solar  day  in  seconds  of  sidereal  time 

Acceleration  of  stars  in  sokr  day=  J  a35!909S.'  S^iT'"' 
Compression  of  the  earth=  i  -T-299 . 1 628 1 8 

Equatorial  radius  of  the  earth  in  English  feet  = 

Polar  radius  of  the  earth  in  English  feet  = 

Degree  of  latitude  at  the  equator  in  English  feet  =: 

Degree  of  latitude  at  45°  in  English  feet  = 

French  toises  into  French  metres  := 

French  toises  into  English  yards  = 

French  toises  into  English  feet  = 

French  feet  into  English  feet  =: 

French  metres  into  English  yards  =: 

French  metres  into  English  feet  = 

L French  metres  into  English  inches  = 

British  imperial  gallon  in  cubic  inches  = 
Cubic  inch  distilled  water  in  gruns  (B.  3o  in.  T.  62**)= 

in  lbs.  avoirdupois  = 

in  oz.  avoirdupois  = 

in  lbs.  Troy  = 

in  02.  Troy  =: 
in  grains 

(  London 


LogariUmis. 


a 

s 

fa 
0 

II 


Weight  of  cubic  foot  of  waters 


Length  of  seconds  pendulum  in  inch- J  ^^° 

*'  *'  \  New  York=: 

Velocity  of  faUing  bodies  in  inches  in  5  ^°'^^°      T. 
one  second  at  i*J?"®__    .  — 


(  New  York= 


20923599.98 
.  2o853657.i6 
362748.33 
364571.77 
1.94903669 
2.i3x53o84 
6.39469262 
1.06676642 
1.093633067 
3.280899x67 
39.37079 
277.274 
262.468 
62.32106067 
997.136969x4 
=    75.7374 
=:   908.8488 
=436247 .  424 
=:     39 . I 3929 
39.12929 
39.XOI2 
386.28931 
386.19061 
386.91337 


I. 
§1 


0.4971499 

9.8960899 
9.7189966 
0.6220886 

0.0624551 

0.093667II 

0.2486749 

0.9942997 

9.6028601 

9.0067003 

0.4342946 

9.6377843 

0.0687030 

1.7681226 

3.5362739 
6.3i4425i 
8.2418773 
6.4637261 
4.6866749 
4.9866049 
6. 1626961 
6 . 1 1 26060 
4.9366137 
4.6364837 
3.7226339 
2.6626978 
2.66268x0 

4.9353264 

4.9353263 

4.93770x2 

2.3739328 

2.3727453 

7.6241069 

7 . 3206364 

7.3191823 

6.5696064 

5.6617830 

0.2898200 

0.3286916 

0.8068129 

0.02767x6 

0.03887x6 

0.6169929 

J. 6951741 

2.4429090 

2.4021891 

1.7946348 

2.9987648 

1.8793104 

2.9684916 

6.6397329 

1. 6926 1 29 

1.5926019 

X. 692 I 901 

2.6869x26 

2.6868016 

2.6864898 


EXPLANATION  OP  THE  TABLES. 


Table  I.,  page  357,  contains  the  Latitudes  and  Longitudes  of 
the  principal  foreign  Observatories,  taken  chiefly  from  the  Ameri- 
can Nautical  Almanac.  In  several  cases,  these  numbers  differ 
slightly  from  those  given  in  the  English  Nautical  Almanac  and 
the  Berlin  Jahrbuch. 

Table  II.,  page  358,  contains  the  Latitudes  and  Longitudes 
of  various  places  in  the  United  States.  This  list  is  designed  to 
embrace  the  large  cities,  the  astronomical  observatories,  and  the 
principal  colleges  of  the  country.  A  few  of  the  determinations 
are  derived  from  the  observations  of  the  United  States  Coast 
Survey ;  others  have  been  derived  from  the  labors  of  numerous 
private  observers ;  while  many  have  been  taken  from  maps  which 
are  confessedly  very  imperfect.  It  is  hoped  that  before  many 
years  this  Table  may  be  very  much  improved. 

Table  III.,  page  359,  serves  to  convert  hours,  minutes,  and 
seconds  into  decimals  of  a  day,  and  vice  versa. 

Example  1.  It  is  required  to  convert  14h.  17m.  16.4s.  into 
the  decimal  of  a  day. 
We  find  from  the  Table, 

14h.  =.5833333 
17m. =.0118056 
16s.  =.0001852     . 
0.4s.  =.0000046 
Hence         14h.  17m.  16.4s.  =  .5953287 
The  equivalent  for  0.4s.  is  derived  from  the  equivalent  for  4s. 
by  removing  the  decimal  point  one  place  to  the  left. 

Example  2.  Let  it  be  required  to  convert  0.5953287  day 
into  hours,  minutes,  and  seconds.    We  find  from  the  Table, 
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.69 

14h. 

9in.  36s. 

.005 

7      12.0 

.0003      = 

25.92 

.00002     = 

1.73 

.000008  = 

.69 

.0000007= 

.06 

Hence  .5953287 = 14h.  17m.  16.40s. 

The  number  of  seconds  corresponding  to  .00002  is  obtained 
from  the  little  table  of  proportional  parts 'at  the  bottom  of  page 
359.  Thus,  if  .0002  is  equivalent  to  17.28s.,  .00002  must  be 
equivalent  to  1.728s. ;  and  we  may  proceed  in  the  same  manner 
for  other  fractions. 

Table  IY.,  page  360,  serves  to  convert  intervals  of  mean  solar 
time  into  equivalent  intervals  of  sidereal  time. 

Example.  It  is  required  to  find  the  sidereal  interval  corre- 
sponding to  the  mean  solar  interval,  2h.  22m.  2d.62s. 
2h.  Om.  Os.      solar  interval  equals  2h.  Om.  19.713s.  sid.interv. 
22       0  "  «  22       3.614         " 

25  <«  »  25.068         " 

0.62         "  "  2:62!^       " 

2h.  22m.  25.62s.  solar  interval  equals  2h.  22m.  49.017s.  sid.  interv. 

The  method  of  converting  mean  solar  time  into  sidereal  time 
is  explained  on  page  123. 

Table  V.,  page  361,  serves  to  convert  intervals  of  sidereal 
time  into  equivalent  intervals  of  mean  solar  time. 

Example,  Find  the  mean  solar  interval  corresponding  to  the 
sidereal  interval,  2h.  22m.  49.02s. 
2h.  Om.  Os.      sid.  interval  equals  Ih.  59m.  40.341s.  solar  interv. 

22       0  "  "  21     56.396 

49  "  "  48.866  " 

0.02  "  "       0.020  " 

2h.  22m.  ^9.02s.  sid.  mterval  equals  2h.  22m.  25.623s.  solar  interv. 

The  method  of  converting  sidereal  time  into  mean  solar  time 
is  explained  on  page  125. 

Table  VI.,  page  362,  serves  to  convert  degrees,  minutes,  and 
seconds  of  space  into  hours,  minutes,  and  seconds  of  time.     It  is 


Explanation  of  the  Tables.      471 

founded  on  the  ratio  of  15  degrees  to  1  hour.     The  Right  As- 
.  censioQs  of  the  heavenly  bodies  are  sometimes  expressed  in  arc, 
but  generally  in  time. 

Example,  The  Right  Ascension  of  a  LyrcB  for  January  1, 
1855,  is  277°  69'  61''.60.  Required  its  Right  Ascension  ex- 
pressed  in  time. 

The  Equivalent  in  time  for  277°    0' 0"    is  18h.  28m.   Os. 
"              «                      59  0       "            3     56 
"              "                          51       "  3.40 

"  "  0.60 "  0.04 

The  Right  Ascension  in  time  is  18h.  31m.  59.44s. 

In  taking  out  the  equivalents  for  tenths  of  seconds  of  space, 
we  may  use  the  units  in  the  seconds  column  as  arguments, 
taking  care  to  remove  the  decimal  point  of  the  corresponding 
equivalent  one  place  to  the  left.  Thus  the  equivalent  for  6'^  is 
0.4s.,  and  for  0".6  the  equivalent  is  0.04s. 

Table  YIL,  page  363,  serves  to  convert  hours,  minutes,  and 
seconds  of  sidereal  time  into  degrees,  minutes,  and  seconds  of 
space. 

Example,  The  Right  Ascension  of  a  Lyrce  for  January  1, 
1855,  is  18h.  31m.  59.44s.  Required  its  Right  Ascension  ex- 
pressed in  arc. 

The  Equivalent  in  arc  for  18h.    Om.  Os.    is  270°    0^    (^ 
"             "                       31      0       "      7   45     0 
«            "                             59      .            14  45 
«  "  0.44"   J 6  .60 

The  Right  Ascension  in  arc  is  277°  59^  51-^^60" 

Table  YIII.,  pages  364-5,  furnishes  the  amount  of  atmos- 
pheric refraction  for  all  altitudes  from  the  horizon  to  the  zenith. 

This  Table  was  constructed  by  the  late  Professor  Bessel,  of 
Konigsberg,  and  is  now  more  generally  used  than  any  other. 

It  requires,  in  addition  to  the  observed  apparent  altitude,  an 
observation  of  the  height  of  the  barometer,  upon  which  depends 
the  factor  B ;  of  the  thermometer  attached  to  the  barometer, 
upon  which  depends  the  factor  ^;  and  of  the  temperature  of  the 
external  air,  upon  which  depends  the  factor  T.     If  the  attached 
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thermometer  is  not  observed,  we  may  assmne  that  its  indioa- 
tioDS  are  the  same  as  those  of  the  external  thermometer. 

The  refraction  may  be  computed  either  by  natural  numbers 
or  by  logarithms.  The  latter  method  is  the  most  accurate,  as 
the  corrections  required  for  small  altitudes,  indicated  by  the  fac- 
tors M  and  N,  can  be  conveniently  applied  only  with  logarithms. 
When  the  altitude  is  not  very  small,  and  the  greatest  accuracy 
is  not  required,  the  use  of  logarithms  may  be  dispensed  with. 

By  natural  Numbers, 

From  the  accompanying  Table,  take  the  mean  refraction  cor- 
responding to  the  observed  altitude ;  take  the  factor  B,  corre- 
sponding to  the  height  of  the  barometer ;  also,  take  the  factor  /, 
oorresponding  to  the  attached  thermometer,  and  the  factor  T, 
corresponding  to  the  external  thermometer.  Multiply  these  four 
numbers  together,  and  you  will  obtain  the  true  refraction. 

Example,  The  observed  apparent  altitude  of  a  star  was  34° 
IV  IS^'' ;  the  barometer,  28.856  inches ;  the  exterpal  and  the 
attached  thermometers  both  stood  at  + 19.6°  Fahr.  It  is  re- 
quired to  compute  the  refraction. 

Mean  refraction  for  34°  IV  W .  V  24^^8. 

Barometer,  28.856 ;      Factor  B,  0.975. 

Thermometer,  19.6°  j  ^^^^^  f^^  J'^}; 

Product,    •     0.975x1.001x1.061   =1.0355. 
True  refraption=84''^8x  1.0355=1"  27''^a 

Bp  Logarithms, 

Take  from  the  Table  the  factor  log.  B,  corresponding  to  the 
height  of  the  barometer ;  also  the  factors  log.  t  and  log.  T,  cor- 
responding to  the  attached  and  external  thermometers.  Take 
also  the  values  of  log.  A,  as  also  M  and  N,  corresponding  to  the 
apparent  altitude.  Multiply  the  sum  of  log.  B  and  log.  ^  by  M ; 
also,  multiply  log.  T  by  N.  Take  the  algebraic  sum  of  these 
products  (rogard  being  had  to  their  signs),  and  add  to  it  log.  A, 
and  the  logarithmic  cotangent  of  the  apparent  altitude.  Tho 
sum  will  be  the  logarithm  of  the  refraction  expressed  in  seconds 
of  arc.     This  rule  is  expressed  more  concisely  thus : 
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The  logarithm  of  the  refraction  is 
=log.  cotangent  app.  alt. + log.  A+M(log.  B+log.  0  +  N  log.  T. 

Example  1.  The  observed  apparent  altitude  of  a  star  was  3^ 
44/  40//  J  the  barometer,  30.162  inches  ;  the  attached  thermom- 
eter, 52.2°  Fahr. ;  and  the  external  thermometer,  46.6°  Fahr. 
Required  the  refraction. 


log.  fector  B,  30.162 
log.  factor/,    62.2°  Fahr. 
log.  factor  T,  46.6°  Fahr. 

Apparent  altitude,  3°  44^  40^ 

log.  cotang.,  3°  44^  40" 

log.  A, 

1.0187  X  (log.  B+log.  0, 
1.1753  X  log.  T, 


+0.00821 
-0.00078 
+0.00183 
M= 1.0187 
N  =  1.1753 


1.18412 
1.68084 
+0.00757 
+0X)0213 
log.  refraction,    2.87466 


Refraction        =  12'  29"^3. 
Example  2.  The  observed  apparent  altitude  o£  a  star  was  6^ 
46"  40"" ;  height  of  the  barometer,  29.772  inches ;  the  attached 
thermometer,   —0.4°  Fahr.;    and  the  external  thermometer, 
—2.0°  Fahr.     Required  the  refraction. 

0.92500 
1.73061 


log.  cot.  6°  46"  40"" 

log.  A 

log.  B  =+0.00256 

log./  =+0.00127 

log.  B+log.  /=  +0.00383 

M(log.  B+log.  t) 

log.  T  =+0.04545 

N  log.  T 


0.00386 


0.04906 


log.  refraction,    2.70853 
The  refraction =8"  31"".13 


M= 1.0079 
N  =  1.0794 


Table  IX.,  page  366-7,  contains  the  coefficients  for  computing 
the  corrections  required  for  transit  observations  at  the  latitude 
of  "Washington  Observatory. 

The  column  headed  Azimuth  contains  the  value  of  the  factor 
sin.  ((j«»— (5)  sec.  (J,  computed  for  0=38°  53"  39""  for  all  altitudes 
from  the  south  horizon,  corresponding  to  a  north  polar  distance 
140°,  to  the  north  horizon,  corresponding  to  north  polar  distance 
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—38^.  The  oolumn  headed  Level  contains  the  value  of  the 
factor  cos.  (0— <5)  sec.  <J,  in  the  same  manner  for  every  degree 
of  altitude ;  and  the  column  headed  Collimation  contains  tho 
value  of  sec.  d.  Near  the  pole,  the  values  of  these  coefficients 
change  very  rapidly,  and  it  is  more  convenient  to  compute  spe- 
cial tables  for  such  stars  as  are  frequently  observed.  Page  367 
exhibits  the  form  of  such  tables  for  Polaris,  X  and  6  Ursce  Mino- 
ris,  and  51  Cephei,  both  for  the  upper  and  lower  culminations. 

The  use  of  this  Table  has  been  sufficiently  explained  on  page 
73,  and  several  preceding  pages. 

Table  X.,  pages  368-371,  furnishes  the  reduction  to  the  me- 
ridian for  a  star  observed  a  few  minutes  before  or  after  its  me- 
ridian passage.  It  enables  us  to  compute  more  readily  the  cor- 
rection to  be  applied  to  the  zenith  distance  observed  near  tho 
meridian,  in  order  to  obtain  the  true  meridional  zenith  distance. 
This  correction  may  be  put  under  the  following  form : 
_  .     cos.  (f>  COS.  6     T>     /cos.  0  COS.  dV        x 

3/  —  Ax  —  —  Jl5  X I ; I  X  CO i».  jST, 

sm.  z  \     sm.  z     J 

,  .      2  sin.2  JP        ,  T3     2  sin.*  JP 

where  A = — ^ — :r f-,  and  B = —. — :r|-. 

sm.  r^  sm.  V^ 

2  sin  ^  iP 
Part  I.  shows  the  value  of  the  factor  — : — ^r~~)  and  the  arfirn- 

sm.  V^  ° 

ment  of  the  table  is  the  distance  in  time  of  the  sun  or  star  from 

the  meridian.     This  value  (or  the  sum  of  those  values  divided 

by  the  number  of  observations,  if  more  than  one  observation  has 

been  made)  must  be  multiplied  by  — '-?- '—,  and  the  product 

subtracted  from  the  zenith  distance  (corrected  for  refraction,  etc.) 
of  the  sun  or  star  observed  near  the  meridian.  The  difference 
thus  obtained  will  give  the  true  meridional  zenith  distance  of 
the  sun  or  star  as  correctly  as  if  it  had  been  observed  precisely 
on  the  meridian. 

When,  however,  the  distance  from  the  meridian  is  considera- 
ble, and  when  great  accuracy  is  required,  this  value  must  be 
further  corrected  by  the  addition  of  the  value  of  Part  Second,  on 

page  371,  multiplied  by  (^^-t^^^'J^ cot.  z. 

^  '^  \      sin.  z     } 

If  the  chronometer  does  not  go  accurately  during  the  obeerva- 
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tions,  a  farther  correction  is  required  for  rate.  The  last  column 
of  page  371  furnishes  the  logarithm  of  this  correction  for  a  daily 
loss  or  gain  of  the  chronometer,  varying  from  0  to  30  seconds. 

An  example  of  the  use  of  this  Table  will  be  found  on  pages 
143-5. 

Table  XI.,  pages  372-3,  is  for  determining  the  equation  of 
equal  altitudes  of  the  sun.  If  the  sun's  declination  remained 
the  same  from  the  forenoon  to  the  afternoon  observations,  it  is 
evident  that  half  this  interval,  added  to  the  time  of  the  first  ob- 
servation, would  give  the  time  of  apparent  noon  as  shown  by 
the  chronometer..  But  as  the  sun's  declination  is  continually 
changing,  a  correction  must  be  applied  on  account  of  this  varia- 
tion. This  correction  is  called  the  equation  to  equal  altitudes^ 
and  may  be  reduced  to  the  form 

x=— A.fi.tang.  0+B./i.tang.  6. 

T 
Page  372  furnishes  the  value  of  j^t^—. — =77=^,  which  is  repre- 

oij  sm.  7i  1 

sented  by  A.     This  must  be  multiplied  by  the  hourly  variation 

of  the  sun's  declination  (considered  as  negative  when  the  sun  is 

proceeding  toward  the  south),  and  also  by  the  tangent  of  the  lat- 

T 

itude  of  the  place.    Page  373  furnishes  the  value  of  p— — — , 

'^  ^  30  tan.  7iT 

which  is  represented  by  B.  This  must  be  multiplied  by  the 
hourly  variation  of  the  sun's  declination,  and  also  by  the  tangent 
of  the  sun's  declination  at  the  time  of  apparent  noon  on  the  given 
day.  The  sum  of  these  two  quantities,  taken  with  their  proper 
signs,  is  the  correction  required. 

An  example  of  the  use  of  this  Table  will  be  found  on  page  129. 

Table  XII.,  pages  374-7,  furnishes  the  angle  of  the  vertical, 
the  logarithm  of  the  earth'9  radius,  and  tibe  length  of  a  degree 
of  the  meridian,  and  also  of  a  parallel  of  latitude  for  every  de- 
gree of  latitude  from  the  equator  to  the  pole.  In  computing  the 
parallax  of  the  moon,  we  must  employ  the  geocentric  latitude, 
which  is  equal  to  the  observed  latitude  minus  the  angle  of  the 
vertical ;  and  we  must  also  employ  the  horizontal  parallax  be- 
longing to  the  place,  which  may  be  found  by  adding  the  loga- 
rithm of  the  horizontal  parallax  at  the  equator  to  the  logarithm 
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of  the  earth's  radius,  which  in  Table  XII.  is  set  against  the  given 
latitude.  The  use  of  these'  numbers  is  explained  on  pages  184 
and  185. 

The  length  of  a  degree  of  the  meridian  and  of  a  parallel  is 
constantly  needed  in  Geodesy,  and  will  be  frequently  found  use- 
ful to  the  astronomer.  This  Table  is  taken  from  the  Berlin 
Jahrbuch  for  1852  ;  but  the  length  of  a  degree  of  longitude  and 
latitude,  which  is  there  given  in  toises,  has  been  carefully  con- 
verted into  English  feet,  and  it  is  hoped  will  be  found  correct  to 
the  last  decimal  place. 

Table  XIII.,  page  378,  shows  the  augmentation  of  the  moon's 
semi-diameter  on  account  of  her  apparent  altitude,  computed 
from  the  formula  page  200,  where  its  use  has  also  been  explained. 

Table  XIV.,  page  378,  shows  the  quantity  by  which  the 
moon's  equatorial  horizontal  parallax  must  be  diminished  to  ob- 
tain the  horizontal  parallax  belonging  to  any  other  latitude. 
This  reduction  is  given  for  three  values  of  the  moon's  equatorial 
parallax,  viz.,  53^,  57^,  and  61^ ;  and  for  any  other  value,  the 
equatorial  parallax  may  be  easily  found  by  interpolation.  The 
use.  of  this  Table  will  be  understood  from  Art.  210,  page  186. 

Table  XY.,  page  379,  furnishes  the  parallax  of  the  sun  and 
planets  for  all  altitudes  above  the  horizon.  The  horizontal  par- 
allax is  to  be  sought  for  at  the  top  of  the  page,  and  the  altitude 
on  either  the  right  or  left  margin.  If  the  given  horizontal  par- 
allax is  not  found  exactly  in  the  Table,  the  parallax  in  altitude 
may  be  obtained  by  interpolating  between  the  numbers  given  in 
the  Table. 

Since  parallax  always  tends  to  diminish  the  true  altitude  of  a 
body,  we  must  add  the  parallax  to  the  observed  altitude  in  or- 
der to  obtain  the  true  altitude,  or  we  must  deduct  it  from  the 
observed  zenith  distance  in  order  to  obtain  the  true  zenith  dis- 
tance. 

.  Table  XYI.,  pages  380-3,  furnishes  the  moon's  parallax  in 
right  ascension,  and  also  in  declination  for  Cambridge  Observa- 
tory.    The  form  of  the  Table  is  somewhat  complicated,  as  it  re- 
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quires  three  independent  arguments,  viz.,  the  moon's  declination, 
horizontal  parallax,  and  hour  angle.  The  Table  is  computed  for 
a  declination  of  0°,  5^,  10°,  15°,  20°,  and  25^  ;  for  a  horizon- 
tal  parallax  of  53',  57',  and  6V  ;  and  for  every  five  or  ten  min- 
utes of  hour  angle  from  the  meridian.  For  any  value  of  these 
quantities  not  contained  in  the  Table,  a  double  or  triple  interpo- 
lation may  be  required.  If,  however,  we  neglect  the  second  dif- 
ferences, this  interpolation  may  be  readily  performed  as  follows : 
Find  what  number  in  the  Table  corresponds  most  nearly  to  the 
given  declination,  horizontal  parallax,  and  hour  angle.  Call  this 
number  the  approximate  parallax,  and  compute  the  correction 
which  should  be  added  or  subtracted  on  account  of  the  variation 
of  the  given  arguments  from  the  arguments  of  the  Table.  This 
method  will  be  understood  from  the  following  example. 

Example.  Required  the  moon's  parallax  in  right  ascension 
and  declination  for  Cambridge  Observatory,  when  the  moon's 
declination  is  19^  58'  9".4  N.,  the  horizontal  parallax  of  the 
place  60'  14".7,  and  the  moon's  hour  angle  3h.  47m.  23.50s. 

For  Right  Ascension, 

The  nearest  declination  in  the  Table  is  20^  ;  the  nearest  hori- 
zontal parallax  is  61' ;  and  the  nearest  hour  angle  is  230m.  The 
corresponding  parallax  on  page  381  is  163.47s.  The  given  hour 
angle  is  less  than  230m.  by  2.61m.  To  find  the  correction  for 
2.61m.,  we  form  the  proportion 

10m. :  2.61m. ::  4.62s. :  1.20s. 
The  given  horizontal  parallax  is  less  than  61'  by  45".3.     To 
find  the  correction  for  45".3,  we  form  the  proportion 

240" :  45".3 ::  10.79s. :  2.03s. 

The  given  declination  is  less  than  20°  by  110".6.  To  find 
the  correction  for  110".6,  we  form  the  proportion 

5°  or  18000" :  110".6 : :  4.47s. :  0.02s. 

The  required  parallax  will  therefore  be 

163.47s. 

-1.20s. 

-2.03s. 

-  .02s. 

,  160.22s.,  which  corresponds  well  witla 

the  result  on  page  250. 


478  Practical    Astronomy. 


For  Declination, 


The  approximate  parallax,  found  in  a  similar  manner  from 
page  383,  is  1802^^0,  which  corresponds  to  Dec.  20^  N. ;  hori- 
zontal  parallax?  61^ ;  and  hour  angle,  220m.  The  corrections 
for  variation  of  the  propc^  arguments  from  the  preceding  ar. 
guments  are  found  by  the  proportions 

20m. :  7.39m. ::   67^^.8 :  25'^0,  the  correction  for  hour  angle. 

240^^•45'^3  ::  119^^7:22^^6,  the  correction  for  horizontal 

parallax. 
18000'^ :  110^^6 ::  193^^3 :    1^^2,  the  correction  for  declination. 

The  required  parallax  will  therefore  be 

1802^^0 + 25^^0  -  22'^6 + 1^^2 = 1805^^6, 
which  differs  less  than  a  second  from  the  result  on  page  250, 
and  this  discrepancy  arises  from  our  having  neglected  second 
differences  in  interpolation. 

When  it  is  required  to  compute  a  long  series  of  occultations 
and  eclipses  for  a  particular  place,  it  is  convenient  to  have  a  ta- 
ble of  parallaxes  Uke  the  preceding,  and  then  the  subsequent 
computation  occupies  but  a  few  minutes.  With  but  little  addi- 
tional labor,  this  Table  might  be  very  much  expanded,  so  that 
the  parallaxes  for  any  arguments  might  be  taken  out  by  mere 
inspection. 

Table  XYII.,  page  384,  contains  the  angles  formed  by  the 
intersection  of  a  vertical  circle  and  hour  circle  for  every  degree 
of  declination  from  29^  north  to  29°  south,  and  for  every  ten 
degrees  of  hour  angle  from  the  meridian  to  the  horizon.  A 
knowledge  of  these  angles  is  convenient  in  all  observations  of  the 
moon,  out  of  the  meridian,  but  especially  in  observing  eclipses 
and  occultations.  The  method  of  computing  this  Table  has  been 
explained  in  Art.  145.  Every  astronomer  will  find  it  conven- 
ient to  compute  a  similar  table  for  his  own  observatory. 

Table  XYIIL,  page  385,  shows  the  correction  to  be  added  to 
the  moon's  declination  in  computing  an  occultation  or  eclipse. 
The  reason  of  this  correction  has  been  explained  in  Art.  228. 
The  declination  of  the  moon  is  given  to  every  half  degree  in  the 
first  column,  and  the  difference  of  right  ascension  between  the 
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moon  and  star  in  the  case  of  an  occultation,  or  between  the  moon 
and  sun  in  the  case  of  a  solar  eclipse,  is  given  at  the  top  of  the 
page,  to  every  five  minutes  of  arc. 

Table  XIX.,  pages  886-7,  shows  the  semi-diurnal  arc,  or  the 
interval  of  time  employed  by  the  sun  or  a  star  in  passing  from 
the  horizon  to  its  point  of  culmination,  and  vice  versa,  accord- 
ing to  its  declination  and  the  latitude  of  the  place.  These  val- 
ues have  been  computed  from  formula  (2),  page  114,  without 
considering  the  effect  of  refraction,  which  would  increase  the 
duration  two  or  three  minutes,  and  sometimes  more  than  this. 
The  latitude  of  the  place  is  given  at  the  top  of  the  page,  and  the 
decUnation  of  the  star  in  the  first  vertical  column.  The  num- 
bers in  this  Table  are  to  be  subtracted  from  the  time  of  meridian 
passage  for  risings  and  added  to  the  time  of  meridian  passage 
for  settingy  as  in  the  following  examples : 

Example  1.  Required  the  mean  time  of  setting  of  the  planet 
Venus,  July  5,  1855,  at  New  Haven,  lat.  41°  18',  the  declina- 
tion of  the  planet  being  13°  30'  N. 

Meridian  passage  July  5,  by  Nautical  Almanac  .  .  .  3h.  9m. 
Semi^iiumal  arc  for  lat.  41°  18',  and  dec.  13°  SO'  N. 

(page  387) 6h.  49m. 

Venus  sets  July  5th,  1855 Uh.  58m. 

Example  2.  Required  the  mean  time  of  rising  of  the  planet 
Jupiter,  July  5,  1855,  at  New  Haven,  the  declination  of  the 
planet  being  11°  40'  S. 

Meridian  passage  July  5,  by  Nautical  Almanac  .  .  .  15h.  24m. 
Semi-diurnal  arc  for  lat.  41°  18',  and  dec.  11<^  40^  ?i. 

(page  387) 5h.  18m. 

Jupiter  rises  July  5th,  1855 lOh.    6m. 

This  Table  is  designed  for  northern  latitudes,  but  it  is  equally 
applicable  to  southern  latitudes  by  changing  the  declination  of 
the  star  from  N.  to  S.,  and  vice  versa. 

Table  XX.,  page  388,  contains  a  comparison  of  French  mil- 
limeters with  English  inches,  and  will  be  found  coAvenient  for 
reducing  French  measures  into  English.  It  is  deduced  from  the 
assumption  that  the  French  metre  at  the  freezing  point  is  equal 
to  39.37079  English  inches  at  the  temperature  of  62°  Fahren- 
heit ;  the  standard  temperature  of  the  French  scale  being  32° 
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Fahrenheit,  and  that  of  the  English  scale  being  62^  Fahrenheit. 
This  is  the  result  given  by  Captain  Kater  in  the  Philosophical 
Transactions  for  1818,  page  109.  The  table  of  proportional  parts 
in  the  last  column  gives  the  value  of  tenths  of  a  miUimeter  in 
English  inches,  and  will  serve  for  hundredths  by  removing  the 
decimal  point  one  place  to  the  left. 

The  relation  of  the  metre  to  the  yard  adopted  by  the  United 
States  Coast  Survey  is, 

1  metre =1.0935696  yards,  or  89.3685  United  States  standard 
inches. 

Table  XXL,  page  389,  enables  us  to  convert  English  inches 
into  millimeters,  and  is  derived  from  the  same  data  as  the  pro- 
ceding  Table.  The  table  of  proportional  parts  in  the  last  column 
gives  the  values  of  hundredths  of  an  inch  in  millimeters,  and  will 
serve  for  thousandths  by  removing  the  decimal  point  one  place 
to  the  left. 

Table  XXIL,  pages  890-1,  is  designed  for  computing  the  dif- 
ference in  the  heights  of  two  places  by  means  of  the  barometer. 

This  Table  was  computed  from  the  formula  of  Laplace,  modi- 
fied in  accordance  with  the  results  of  more  recent  determinations. 

Suppose  that  we  have  observed 

!H,  the  height  of  the  barometer. 
T,   the  temperature  of. the  barometer. 
/,     the  temperature  of  the  air. 
!/i^,  the  height  of  the  barometer. 
T^,  the  temperature  of  the  barometer. 
t%   the  temperature  of  the  air. 
Represent  by  s  the  height  of  the  lower  station  above  the  level 
of  the  sea,  by  L  the  latitude  of  the  place,  and  by  A  the  observed 
height,  h%  reduced  to  the  temperature  T. 

The  difference  of  level,  a;,  between  the  two  stations  is  given 
by  the  formula : 

■        rr         V  900      ; 

a;=60158.6  ft.  log.  ^x  <{  (1+0.00265  cos.  2L) 

/.a: +52251        _s \ 

.V      20888629  ■'"10444315/. 
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But  h  represents  the  height  h%  reduced  from  the  temperature 
T''  to  the  temperature  T.  The  expansion  of  mercury  for  1® 
Fahrenheit  is  0.0001000 ;  that  of  tiie  brass,  which  forms  the 
scale  of  the  barometer,  is  0.0000104 ;  the  difference  is  0.0000896. 
Hence  we  have    A=Ail+0.0000896(T-T01. 

Therefore, 

60158.6  ft.  log.  5=60158.6  ft.  log.  5-2.3409  ft.  (T-TO- 

h  h/ 

Fart  I.  of  the  Table  furnishes  in  English  feet  the  value  of  the 
expression  60158.6  log.  H  for  heights  of  the  barometer  £rom  11 
to  31  inches ;  only  they  have  all  been  diminished  by  the  con- 
stant 27541.5  feet,  which  does  not  change  the  difference, 

60158.6  log  H-60158.6  log  A. 

Fart  II.  furnishes  the  correction  —  2.3409(T— T^),  depending 
upon  the  difference  T— •T'^  of  the  temperatures  of  the  barometers 
at  the  two  stations.  This  correction  is  generally  negative.  It 
would  be  positive  if  T—T''  were  negative ;  that  is,  if  the  tem- 
perature T^  of  the  barometer  at  the  upper  station  exceeded  the 
temperature  T  at  the  lower  station. 

Fart  III.  gives  the  correction  Ax  0.00265  cos.  2L,  to  be  ap- 
plied to  the  approximate  altitude  A,  and  which  arises  from  the 
variation  of  gravity  from  the  latitude  of  45  degrees  to  the  lati- 
tude L  of  the  place  of  observation.  This  correction  has  the  same 
sign  as  cos.  2L ;  that  is,  it  is  positive  from  the  equator  to  45  de- 
grees, and  negative  from  45  degrees  to  the  pole. 

Fart  IV.  gives  the  correction  A .  onoQQVjon j  which  is  always 

to  be  added  to  the  approximate  height  A,  and  which  is  due  to 
the  diminution  of  gravity  on  the  vertical. 

Fart  Y.  furnishes  for  the  approximate  difference  of  level,  A,  the 

small  correction  A.^^^ .  .^^^,  corresponding  to  several  values 

10444315  ^ 

of  the  height  5  of  the  lower  station.     But  in  place  of  5  there 

has  been  substituted,  as  the  argument  of  the  table,  the  height 

H  of  the  barometer  at  this  station. 

Method  of  Computation, 

Take  from  Fart  I.,  page  390,  the  two  numbers  corresponding 
to  the  observed  barometric  heights  H  and  h\    From  their  differ* 

Hh 
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ence  subtract  the  correction  2.3409(T— T''),  found  in  Part  II., 
with  the  difference  T— T'  of  the  thermometers  attached  to  the 
barometers.     We  thus  obtain  an  approximate  altitude,  a. 

"We  then  calculate  the  correction  a .  — ^^rrr —  for  the  temper- 

ature  of  the  air,  by  multiplying  the  nine  hundredth  part  of  a  by 
the  sum  of  the  temperatures  /  and  fy  diminished  by  64.  This 
correction  is  of  the  same  sign  as  ^+<^— 64.  "We  thus  obtain  a 
second  approximate  altitude,  A. 

"With  A  and  the  latitude  of  the  place,  L,  we  seek,  in  Part  III., 
the  correction  A  x  0.00265  cos.  2L,  arising  from  the  variation  of 
gravity  with  the  latitude. 

For  the  approximate  height  A,  Fart  IV.  gives  the  correction 

A.  4- 52251 
A  X  oAQQQgTSn?  arising  from  the  diminution  of  gravity  on  a  vert- 

ical.     This  correction  is  always  additive. 

Finally,  when  the  height,  5,  of  the  lower  station  is  considera- 

ble,  the  small  correction  A  x  TTrrT-Tssv-?  "lay  be  found  in  Fart  V. 

10444315       -^ 

This  correction  is  always  additive. 

Example  1.  M.  Humboldt  made  the  following  observations 
pn  the  mountain  of  Guanaxuato,  in  Mexico,  in  latitude  21°,  viz.  : 

upper  station.         on  the  Sik  SflSS W 

Thermometer  in  open  air    ...  t^  =70.3  t  =77.5 

Thermometer  to  barometer   .  .  T^=70.3  T=77.5 

Barometer A^  =23.660        H=30.046 

What  was  the  difference  in  the  height  of  the  two  stations  ? 

for  H = 30.046  inches  27649.7 


-,    ,  T     .       (for  H=30. 
Fart  I.  gives  {^^^^,^23^ 


660  inches  21406.9 

Difference  .  .  .  6242.8 

Fart  II.  gives  for  T  -  r = 7.2^  -16.9 

Approximate  altitude,  a 6225.9 

(^ + ^-  _  64) = 6.918  X  83.8°  +  579.7 


a 


900 


Second  approximate  altitude,  A  .  .  6805.6 
Part  III.  gives  for  A = 6806,  and  L = 21°  +  13.3 

Part  IV.  gives  for  6806  +  19.3 

Height  above  the  sea 6838.2  feet. 
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Example  2.  M.  Gay  Lussao,  in  his  oelebrated  balloon  ascent 
in  1805,  foand  his  barometer  to  indicate  12.945  English  inches, 
the  temperature  being  14.9^  Fahrenheit.  The  barometer  at 
Paris  at  the  same  time  indicated  30.145  English  inches,  with  a 
temperature  of  87.44°  Fahrenheit.  Required  the  elevation  of 
the  balloon  above  Paris. 

for  H=30.145  inches  27735.6 

for  h' = 12.945  inches  6650.4 


Part  I.  gives  j 


Difference  .  .  .  22085.2 

Part  II.  gives  for  T  -  T^ = 72.54°  - 169.9 

^     Approximate  altitude,  a 81915.3 


a 


At +V--  64) = 24.35  x  38.34°  +  933.6 

yuu  

Second  approximate  altitude,  A  .  22848.9 
Part  III.  gives  for  A=22848,  and  L=48°  50^  -  8.2 
Part  IV.  gives  for  22848  +82.1 

Height  of  balloon  above  Paris  .  .  22922.8  feet. 

Table  XXIII.,  pages  392-3,  furnishes  the  coefficients  for  in- 
terpolation by  differences.  The  Table  on  page  392  contains  the 
values  of  the  coefficients  for  interpolation  by  Bessel's  formula, 
given  in  Art.  223.  Column  first  contains  the  values  of  ^  to  each 
hundredth  of  unity.     Column  second  contains  the  values  of  the 

factor  t .  — ^  -  for  each  value  of  t  contained  in  the  first  column. 

Column  third  contains  the  values  of  the  factor  ^  "~o   q""     for 
each  value  of  i  contained  in  the  first  column.     Column  fourth 

contains  the  values  of  the  factor  > ^  y^-J\JZ^  and  column 

2.3.4 

fifth  contcdns  the  values  of  the  factor ^  .   J\^  M  "~8/ 

2.3.4.5 

for  each  value  of  t  contained  in  the  first  column. 

The  coefficients  of  the  second  differences  are  negative ;  the 

coefficients  of  the  third  differences  are  positive  for  values  of  t 

less  than  one  half,  and  negative  for  values  of  t  greater  than  one 

half.     The  coefficients  of  the  fourth  differences  are  invariably 

positive ;  the  coefficients  of  the  fifth  differences  are  negative  for 

values  of  t  less  than  one  half,  and  positive  for  values  of  t  greater 
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than  one  half.  The  mode  of  using  this  Table  has  been  explain- 
ed in  Art.  223. 

The  Table  on  page  393  contains  the  values  of  the  coefficients 
^(^-1)  /(^^l)(^^2M(^-l)(^^2)(/^3)         ^htekbeim. 

*'  ~2~^ 273        '  27374  ' ^^^ ^^""^  ^"* 

the  same  as  the  coefficients  of  the  binomial  formula,  are  called 
binomial  coefficients,  to  distinguish  them  from  Bessel's  coeffi- 
cients on  page  392.  Colmnns  first  and  second  are  the  same  as 
on  page  392.     Column  third  contains  the  values  of  the  factor 

-i — ~-^ for  each  value  of  t  contained  in  the  first  column, 

and  the  subsequent  columns  are  constructed  in  a  similar  man- 
ner. The  coefficients  for  the  odd  differences  are  positive,  while 
those  for  the  even  differences  are  negative.  The  mode  of  using 
this  Table  has  been  explained  in  Art.  220. 

Table  XXIV.,  pages  394-6,  contains  the  logarithms  of  the 
coefficients  for  interpolation  by  Bessel's  formula  for  every  five 
minutes,  the  unit  of  time  being  supposed  to  be  12  hours.  This 
Table  is  firom  Sawitsch's  Practischen  Astronomic,  and  its  use 
has  been  explained  on  page  208. 

Table  XXY.,  page  397,  enables  us  to  convert  degrees  of  the 

centesimal  thermometer  into  degrees  of  Fahrenheit.    It  is  found- 

g 
ed  on  the  equation,  x^  centesimal=(32^  +  ^2;^)  Fahrenheit. 

Table  XXYL,  page  397,  enables  us  to  convert  degrees  of 

Reaumur's  thermometer  into  degrees  of  Fahrenheit.    It  is  found- 

9 
ed  on  the  equation^o;^  Reaumur =(32° +-a:°)  Fahrenheit. 

Table  XXVII.,  page  398,  shows  the  height  of  the  barometer 
corresponding  to  temperatures  of  boiling  water  from  185°  to  214° 
Fahrenheit  The  temperature  at  which  water  boils  in  the  open 
air  depends  upon  the  weight  of  the  atmospheric  colmnn  above 
it,  and  under  a  diminished  barometric  pressure  the  water  will 
boil  at  a  lower  temperature.  Since  the  weight  of  the  atmos* 
phere  decreases  with  the  elevation,  it  is  evident  that,  in  ascend- 
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m 

ing  a  mountain,  the  higher  the  station  the  lower  will  be  the 
temperature  at  which  water  boils.  Hence,  if  we  knew  the  height 
of  the  barometer  corresponding  to  the  temperature  of  boiling  wa- 
ter, we  could  measure  the  altitude  of  a  mountain  by  observing 
the  temperature  at  which  water  boils.  Table  XXYII.  is  de- 
rived from  a  Table  by  Regnault,  published  in  the  Annales  de 
Physique  et  de  Chimie,  t.  xiv.,  p.  206.  In  Regnault's  Table 
the  temperature  is  expressed  in  centigrade  degrees,  and  the 
height  of  the  barometer  in  millimeters.  I  have  deduced  from 
this  a  new  Table,  in  which  the  temperature  is  expressed  in  de- 
grees of  Fahrenheit,  and  the  height  of  the  barometer  in  English 
inches. 

Table  XXYIIL,  page  399,  contains  the  depression  of  mercury 
in  glass  tubes  on  account  of  capillarity,  according  to  several  dif- 
ferent authorities. 

Table  XXIX.,  page  399,  contains  the  factors  by  which  the 
difference  of  readings  of  the  dry-bulb  and  wet-bulb  thermome- 
ters must  be  multiplied  in  order  to  produce  the  difference  be- 
tween the  readings  of  the  dry-bulb  and  dew-point  thermome- 
ters. These  factors  are  derived  from  a  long  series  of  observa- 
tions made  at  the  Greenwich  Observatory,  and  enable  us  to  con- 
vert observations  made  with  the  wet-bulb  thermometer  into  ob- 
servations made  with  Daniell's  hygrometer. 

Example  1.  The  temperature  of  the  air  being  81.3°,  and  that 
of  the  wet-bulb  being  68.9°,  it  is  required  to  determine  the  dew- 
point. 

The  difference  between  the  dry  and  wet  bulb  thermometers 
is  12.4°,  which,  multiplied  by  1.6,  gives  18.6°,  which  is  the 
difference  between  the  dry-bulb  and  dew-point  thermometers. 
Hence  the  dew-point  was  at  62.7°. 

Example  2.  The  temperature  of  the  air  being  46.9°,  and  that 
of  the  wet-bulb  thermometer  44.2°,  it  is  required  to  determine 
the  dew-point. 

The  difference  between  the  dry  and  wet  bulb  thermometers 
is  2.7°,  which,  multiplied  by  2.2,  gives  5.9°.  Hence  the  dew- 
point  was  at  41.0°. 
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Table  XXX.,  pages  400-459,  is  a  Catalogue  of  1500  stars, 
derived  chiefly  from  the  Catalogue  of  the  British  Association. 
This  Catalogue  contains  all  the  stars  of  the  British  Association 
Catalogue  to  the  fifth  magnitude  inclusive,  and  about  a  dozen 
stars  of  the  magnitude  five  and  a  half,  situated  within  a  few 
degrees  of  the  north  pole. 

Column  first,  on  the  left-hand  page,  contains  the  number  of 
the  star  in  this  Catalogue ;  column  second  contains  the  equiva- 
lent number  in  the  Catalogue  of  the  British  Association ;  column 
third  contains  the  name  of  the  constellation  to  which  the  star 
belongs,  together  with  Flamsteed's  numbers  and  Bayer's  letters, 
according  to  the  British  Association  Catalogue ;  column  fourth 
contains  the  magnitude  of  the  star  according  to  the  same  Cata- 
logue ;  column  fifth  contains  its  right  ascension  on  the  1st  of 
January,  1850 ;  column  sixth  contains  the  annual  variation  of 
the  right  ascension,  and  includes  proper  motion  where  it  exists ; 
column  seventh  contains  the  north  polar  distance  on  the  1st  of 
January,  1850 ;  and  column  eighth  contains  the  annual  varia- 
tion of  polar  distance,  including  proper  motion. 

On  the  right-hand  page,  column  first  contains  the  number  of 
the  star  repeated  fi^m  the  former  page ;  the  next  four  columns 
contain  the  logarithms  of  the  factors  a,  6,  c,  and  d^  for  computing 
the  reduction  from  the  mean  to  the  apparent  right  ascension ; 
while  the  last  four  columns  contain  the  logarithms  of  the  factors 
a%  I/,  &^  and  df,  for  computing  the  reduction  £rom  the  mean  to 
the  apparent  polar  distance.  All  the  numbers  on  each  page  are 
copied  from  the  British  Association  Catalogue,  with  the  excep- 
tion of  the  right  ascensions  and  polar  distances  of  such  of  the 
stars  as  are  contained  in  the  G-reeilwich  twelve-year  Catalogue. 
The  places  of  such  stars  have  been  carefully  reduced  from  the 
years  1840  and  1845  to  1850,  and  are  distinguished  from  other 
numbers  in  the  same  columns  by  an  asterii^k. 

In  a  few  cases,  in  which  the  Grreenwich  twelve-year  Cata- 
l(^e  differs  considerably  from  the  British  Association  Catalc^e, 
the  results  of  the  most  recent  observations  at  Greenwich  have 
been  combined  with  former  ones,  to  obtain  the  mean  places 
which  are  incorporated  in  this  Table. 

The  mode  of  deducing  the  apparent  places  of  the  stars  firom 
their  mean  places  has  been  explained  on  page  220. 
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Table  XXXL,  page  460,  contains  the  secular  variation  of  the 
annual  precession  in  right  ascension  for  the  stars  of  Table  XXX. 
whenever  this  variation  exceeds  0.035s.  The  annual  precession 
of  a  star  does  not  remain  the  same  for  a  long  period  of  time,  but 
undergoes  a  slight  increase  or  decrease  from  year  to  year.  As 
this  annual  change  of  the  precession  is  generally  small  in  amount, 
and  constant  for  a  very  long  period,  it  is  commonly  known  by 
the  name  of  the  secular  variation ;  for,  when  inserted  in  ta- 
bles, as  on  page  460,  it  is  usually  multiphed  by  100,  for  the 
sake  of  a  convenient  arrangement  of  the  figures. 

Assuming,  therefore,  the  annual  variation  of  a  star  in  the 
Catalogue  to  be  denoted  by  V  (which  is  equal  to  the  sum  of  the 
annual  precession  and  the  proper  motion),  the  secular  variation 
by  S,  the  change  of  position  in  the  star  (either  in  right  ascension 
or  north  polar  distance,  as  the  case  may  be)  on  January  Isfc 
(1850+^),  will  be  expressed  by 

a 

(V+jQoXiy)xy, 

where  y,  which  denotes  the  number  of  years  from  1850,  must 
be  assumed  +  after j  and  —  beforCy  that  epoch.  And  in  this 
manner  the  mean  place  of  a  star  shordd  be  brought  up  from 
the  epoch  1850  to  the  commencement  of  any  other  required  year 
before  we  apply  the  annual  correction  for  precession,  aberration, 
and  nutation.  But  for  most  stars,  when  the  period  is  not  very 
long,  the  secular  variation  may  be  omitted. 

Example.  It  is  required  to  find  the  mean  right  ascension  of 
star  46,  on  page  400,  for  January  1,  1860. 

Here  y = 10  years.     Hence    !j        = }. 

From  page  460,  S=  +  1.2222s.,  and  -=  +0.61s. 

Hence  we  have  the  following  results : 

Mean  right  ascension  January  1,  1850   .  Oh.  49m.    9.55s. 

Variation  in  10  years ^  .  .       +lm.    7.16s. 

Correction  for  secular  variation +  0.61s. 

Mean  right  ascension  January  1, 1860    .  Oh.  50m.  17.32s. 

Table  XXXII.,  page461,  contains  the  secular  variation  of  the 
annual  precession  in  north  polar  distance  for  all  stars  in  Table 
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XXX.  whenever  this  variation  amounts  to  0^^.43.     This  Table 
is  to  be  used  in  the  same  manner  as  the  preceding. 

Example.  It  is  required  to  find  the  mean  north  polar  distance 
of  star  300,  page  410,  for  January  1,  1860. 

Here  ^^^^-^i 
^^"lOO"""*- 

From  page  461,  S=  +  r^367,  and  ~=  +0^^7. 

Hence  we  have  the  following  results : 

Mean  north  polar  distance  January  1, 1850  .  lO*^  67'  24'^2 

Variation  in  10  years — 54'''.2 

Correction  for  secular  variation +  0'''.7 

Mean  north  polar  distance  January  1, 1860  .  10°  56'  30'^7 
For  most  of  the  stars,  the  secular  variation  of  precession  is  in- 
appreciable, except  for  long  intervals  of  time. 

Table  XXXHI.,  page  462,  contains  the  principal  elements  of 
the  planetary  system,  taken  chiefly  from  Madler's  Fopulare  As- 
tronomic, vierte  Auflage.  I  have  substituted  the  English  de- 
nominations for  measures  of  length,  in  place  of  the  foreign  de- 
nominations of  Madler,.and  have  substituted  more  recent  ele- 
ments of  Neptune.  Several  of  the  numbers  in  Madler's  Table 
have  been  changed  in  accordance  with  what  were  considered  to 
be  the  best  authorities. 

Table  XXXIY.,  page  463,  contains  the  elements  of  the  satel- 
lites of  the  primary  planets.  The  elements  of  the  moon  were 
derived  from  "Bailey's  Astronomical  Tables  and  Formulse." 
Those  of  Jupiter's  satellites  were  derived  from  Madler's  Astro- 
nomic; those  of  Saturn's  sateUites  were  derived  chiefly  from 
Madler,  modified  in  some  instances  by  comparison  with  Her- 
schel's  Astronomy  and  Hind's  Solar  System.  The  elements  of 
the  satellites  of  Uranus  were  derived  by  myself  chiefly  from  the 
observations  of  Lassell ;  and  those  of  the.  satellite  of  Neptune 
were  derived  from  Hind's  Solar  System. 

Table  XXXY.,  pages  464-5,  contains  the  elements  of  ih^ 
asteroids.  These  elements  have  all  been  derived  from  the 
American  Nautical  Almanac  for  1861,  with  the  exception  of 


Explanation  of  the  Tables.      489 

No.  55,  which  was  taken  from  Gould's  Astronomioal  Journal, 
vol.  v.,  p.  192.  The  elements  of  the  asteroids  most  recently 
discovered  can  only  he  regarded  as  rough  approximations  to 
the  truth. 

Table  XXXYI.,  pages  466-7,  furnishes  the  constants  for  ob- 
taining  with  the  greatest  accuracy  the  sines  and  tangents  of 
arcs  not  exceeding  two  degrees.  The  column  headed  log.  sin. 
A— log;  kf^  furnishes  the  difference  between  the  logarithmic 
sine  of  the  arc  given  in  the  adjacent  column,  and  the  logarithm 
of  that  arc  expressed  in  seconds.     Thus, 

The  logarithmic  sine  of  0°  4(y  is 8.06577631 

The  logarithm  of  240(K^(= 400  is 3.38021124 

The  difference  is 4.68556507 

This  is  the  number  found  on  page  466,  under  the  heading  log. 
sin.  A— log.  A^^,  opposite  0°  40^;  and  in  a  similar  manner  the 
other  numbers  in  the  Table  were  obtained.  These  numbers 
vary  quite  slowly  for  two  degrees  ;  and  hence,  to  find  the  loga- 
rithmic sine  of  an  arc  not  exceeding  two  degrees,  we  have  but 
to  add  the  logarithm  of  the  arc  expressed  in  seconds  to  the  ap- 
propriate number  found  in  this  Table. 

Required  the  logarithmic  sine  of  0°  24"  22^^57. 

Tabular  number  from  page  466 4.6855712 

The  logarithm  of  1462^^57  is ;  3.1651167 

The  logarithmic  sine  of  0°  24"  22"".57  is  ...  .  7.8"506879 

The  logarithmic  tangent  of  an  arc  not  exceeding  two  degrees 
is  found  in  a  similar  manner* 

The  same  Table  enables  us  to  find  the  arc  corresponding  to  a 
given  logarithmic  sine  or  tangent.  If  from  the  given  logarith- 
mic sine,  we  subtract  the  corresponding  tabular  number  on  page 
466,  the  remainder  will  be  the  logarithm  of  the  arc  expressed  in 
seconds. 

Required  the  arc  corresponding  to  the  logarithmic  sine 
7.0000000.  We  find  from  page  466  that  the  arc  must  be 
nearly  3" ;  the  corresponding  tabular  number  on  page  466  is 
4.6855748. 

The  difference  is  2.3144252, 

which  is  the  logarithm  of  206.265. 

Hence  the  required  arc  is  3"  26"".265. 
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In  the  same  manner  we  may  find  the  arc  corresponding  to  a 
logarithmic  tangent. 

The  numbers  in  Table  XXXYI.  are  given  to  8  decimal  places, 
in  order  that  we  may  be  sure  of  getting  the  seventh  figure  cor- 
rect to  the  nearest  decimal ;  it  will  be  of  no  use,  however,  to 
retain  the  eighth  figure  in  our  computations,  unless  we  employ 
logarithmic  tables  of  more  than  seven  decimal  places. 

Table  XXXYIL,  page  468,  contains  a  miscellaneous  collec- 
tion of  numbers  which  are  most  frequently  employed  in  compu- 
tations. They  are  derived  chiefly  from  Shortrede's  Logarithmio 
TablesL 


CATALOGUE  OP  ASTRONOMICAL  INSTRUMENTS  BY 
DIFFERENT  MAKERS,  WITH  THEIR  PRICES. 

Telescopes  by  Merz  and  Mahler, 

The  refracting  telescopes  manufactured  at  the  establishment  of 
Merz  and  Mahler,  of  Munich,  have  acquired  a  higher  reputation 
than  any  others. 

The  following  is  the  list  of  instruments  furnished  by  this  estab- 
tablishment.  The  dimensions  are  given  in  French  measure,  ac- 
cording to  which,  one  inch  =1.0658  English  inches ;  and  one  foot= 
12.7892  English  inches.  The  prices  are  in  francs,  one  franc  being 
equal  to  18.5  cents. 

No.  1.  Achromatic  telescope  of  14  inches  aperture  and  21  feet 
focus,  with  an  hour  circle  17  inches  in  diameter,  divided  into  single 
seconds  of  time,  and  a  declination  circle  24  inches  in  diameter,  di- 
vided to  4  seconds  of  arc,  with  six  common  astronomical  eye-pieces, 
magnifying  140,  226,  336,  504,  756,  and  1200  times ;  and  nine  mi- 
crometric  eye-pieces,  magnifying  from  148  to  2000  times.  The  find- 
er has  a  focal  length  of  42  inches,  and  an  aperture  of  34  lines. 

Price  91,300  francs. 

This  telescope  is  of  the  same  size  as  those  of  Cambridge  andPul- 
kova. 

No.  2.  Achromatic  telescope  of  12  inches  aperture  and  17^  feet 
focus,  like  the  preceding  in  all  respects,  except  that  it  has  six  as- 
tronomical eye-pieces,  magnifying  116, 188,  280,  420,  630,  and  1000 
times;  and  nine  micrometric  eye-pieces,  magnifying  from  124  to 
1200.  Price  65,220  francs. 

This  telescope  is  of  the  same  dimensions  as  that  belonging  to  the 
Cincinnati  Observatory. 

No.  3.  Achromatic  telescope  of  10^  inches  aperture  and  15  feet 
focal  length,  with  an  hour  circle  15  inches  in  diameter,  divided  to 
two  seconds  of  time  ;  a  declination  circle  similar  to  No.  1 ;  five  ordi- 
nary eye-pieces,  magnifying  160, 240,  360, 540,  and  856  times ;  and 
eight  micrometric  eye-pieces,  magnifying  from  100  to  1200  times. 
The  finder  has  a  focal  length  of  30  inches,  and  an  aperture  of  29 
lines.  Fiice  47,830  francs. 
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No.  4.  Achromatic  telescope  of  9  inches  aperture  and  13^  feet 
focal  length,  with  an  hour  circle  of  14  inches  diameter,  divided  to 
two  seconds  of  time ;  and  a  declination  circle  of  20  inches  diameter, 
divided  to  four  seconds ;  five  astronoitiical  eye-pieces,  magnifying 
142, 212, 320, 480,  and  760  times  ;  and  eight  micrometric  eye-pieces, 
magnifying  from  94  to  1000  times.    The  finder  the  same  as  for  No.  3. 

Price  32,610  francs. 

This  telescope  is  of  the  same  dimensions  as  that  belonging  to  the 
National  Observatory  at  Washington. 

No.  5.  Achromatic  telescope  of  7  inches  aperture,  9j  feet  focal 
length,  with  an  hour  circle  9j^  inches  in  diameter,  divided  to  four 
seconds  of  time  ;  and  a  declination  circle  15  inches  in  diameter,  di- 
vided to  ten  seconds  ;  five  astronomical  eye-pieces,  magnifying  102, 
146, 232,  348,  and  550  times ;  and  six  micrometric  eye-pieces,  mag- 
nifying from  100  to  580  times.  The  finder  has  a  focal  length  of  20 
inches,  and  an  aperture  of  21  lines.  Price  17,390  francs. 

This  telescope  is  of  the  same  dimensions  as  that  belonging  to 
Shelby  College,  Kentucky. 

No.  6.  Achromatic  telescope  of  6  inches  aperture  and  8  feet  focal 
length,  with  an  hour  circle  9  inches  in  diameter,  divided  to  four  sec- 
onds of  time  ;  and  a  declination  circle  12  inches  in  diameter,  divided 
to  ten  seconds ;  five  astronomical  eye-pieces,  magnifying  85,  127, 
192, 288,  and  456  times ;  and  five  micrometric  eye-pieces,  magnify- 
ing from  128  to  480  times.  The  finder  has  an  aperture  of  19  lines, 
and  a  focal  length  of  20  inches.  Price  9240  francs. 

Telescopes  of  this  number  belong  to  the  High  School  Observa- 
tory at  Philadelphia ;  to  Sharon  Observatory,  Pennsylvania ;  and  to 
Dartmouth  College. 

All  the  preceding  numbers  are  furnished  with  clock-work. 

No.  7:  Achromatic  telescope  of  52  lines  aperture  and  6  feet  focal 
length,  with  an  hour  circle  8  inches  in  diameter,  divided  to  four  sec- 
onds of  time ;  and  a  declination  circle  10  inches  in  diameter,  divided 
to  ten  seconds ;  five  astronomical  eye-pieces,  magnifying  from  64  to 
324  times ;  a  terrestrial  eye-piece,  magnifying  82  times ;  an  annular 
micrometer,  finder,  etc.,  without  clock-work.       Price  4782  francs. 

No.  8.  Achromatic  telescope  of  48  lines  aperture  and  5  feet  focus, 
with  five  astronomical  eye-pieces,  magnifying  from  54  to  270  times, 
and  a  terrestrial  eye-piece,  magnifying  66  times. 

Price  4348  francs. 

No.  9.  Achromatic  telescope  of  45  lines  aperture  and  4^  feet  fo- 
cus, on  a  brass  stand,  with  an  hour  circle  7  inches  in  diameter,  di- 
vided to  four  seconds  of  time  ;  and  a  declination  circle  7  inches  in 
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diameter,  divided  to  thirty  seconds ;  five  astronomical  eye-pieces, 
magnifying  from  48  to  243  times ;  a  terrestrial  eye-piece,  magnify- 
ing 90  times ;  an  annular  micrometer,  finder,  etc. 

Price  3260  francs. 
No.  10.  Achromatic  telescope  of  37  lines  aperture  and  4  feet  fo- 
cus, with  magnifying  powers  from  64  to  216,  etc. 

Price  1956  francs. 
A  line  is  the  twelfth  part  of  an  inch. 

MERIDIAN  CIRCLES  AND  TRANSIT  INSTRUMENTS. 

Excellent  meridian  circles  and  transit  instruments  are  manufac- 
tured at  Munich,  Berlin,  Hamburg,  London,  and  Paris. 

Meridian  Circles,  by  Ertel  and  San,  Munich, 

The  following  are  the  prices  of  meridian  circles  and  transit  in- 
struments manufactured  by  Ertel  and  Son,  of  Munich.  The  dimen- 
sions are  given  in  French  measure,  and  the  prices  in  francs,  as  on 
page  491. 

1.  Meridian  circle,  with  a  telescope  of  8  feet  focal  length  and  five 
and  a  half  inches  aperture.  At  one  extremity  of  the  horizontal  axis 
is  the  circle  of  altitude,  three  feet  and  four  inches  in  diameter,  read- 
ing, by  four  verniers,  to  one  second.  At  the  other  extremity  of  the 
axis  is  a  circle  of  the  same  dimensions,  but  divided  only  to  single 
minutes  by  one  vernier,  and  furnished  with  a  clamp  and  tangent 
screw.  The  instrument  has  a  large  level  and  four  astronomical 
eye-pieces.  Price  17,160  francs. 

Microscopes  may  be  substituted  for  the  verniers  without  any  in- 
crease of  price. 

2.  Meridian  circle,  with  a  telescope  of  5  feet  focus  and  51  lines 
aperture.  The  circle  is  three  feet  in  diameter,  and  is  divided  by 
four  verniers  to  two  seconds.  Price  11,580  francs. 

3.  Meridian  circle,  with  a  telescope  of  50  inches  focus  and  42  lines 
aperture.     The  circle  is  two  feet  in  diameter.    Price  6430  francs. 

4.  Meridian  circle,  with  a  telescope  of  42  inches  focus  and  34 
lines  aperture.  The  circle  is  twenty  inches  in  diameter,  and  di- 
vided by  four  verniers  to  four  seconds.  Price  5150  francs. 

5.  Transit  instrument,  with  an  object-glass  of  8  feet  focus  and  66 
lines  aperture,  and  four  astronomical  eye-pieces. 

Price  8150  francs. 

6.  Transit  instrument,  with  an  object-glass  of  6  feet  focus  and 
52  lines  aperture,  and  four  astronomical  eye-pieces. 

Price  5360  francs. 
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7.  Transit  instrument,  with  an  object-glass  of  42  inches  focus  and 
34  lines  aperture,  with  three  astronomical  eye-pieces. 

Price  2150  francs. 

8.  Portable  transit  instrument,  with  an  object-glass  of  22  inches 
focus  and  2  inches  aperture,  and  two  astronomical  eye-pieces.  It 
has  a  vertical  circle  of  6  inches,  divided  by  one  vernier  to  single 
minutes,  and  an  azimuth  circle  of  14  inches,  divided  by  four  ver- 
niers to  ten  seconds.  Price  1410  francs. 

9.  Portable  transit  instrument,  with  an  object-glass  of  18  inches 
focus  and  19  lines  aperture,  and  two  astronomical  eye-pieces.  It 
has  a  vertical  circle  of  5  inches,  and  an  azimuth  circle  of  12  inches. 

Price  1180  francs. 

10.  Grand  vertical  circle,  three  feet  and  four  inches  in  diameter, 
divided  to  two  minutes,  and  reading  by  four  microscopes.  The  tel- 
escope has  an  object-glass  of  6  feet  focus  and  5^  inches  aperture. 

Price  19,300  francs. 

11.  Vertical  repeating  circle,  three  feet  in  diameter,  divided  by 
four  verniers  to  two  seconds.  The  telescope  has  an  object-glass  of 
4  feet  focus  and  37  lines  aperture.  Price  9500  francs. 

12.  Vertical  repeating  circle,  eighteen  inches  in  diameter,  with  an 
azimuth  circle  of  eight  inches.  The  first  is  divided  by  four  verniers 
to  four  seconds  -,  the  latter,  by  one  vernier  to  ten  seconds.  The  tel- 
escope has  an  object-glass  of  2  feet  focus  and  22  lines  aperture. 

Price  3430  francs. 

13.  Vertical  repeating  circle,  fourteen  inches  in  diameter,  with  an 
azimuth  circle  of  six  inches,  divided  like  the  preceding.  The  tele- 
scope has  an  object-glass  of  21  inches  focus  and  22  lines  aperture. 

Price  2580  francs. 

Meridian  Circles  hy  Pistor  and  Martins,  Berlin. 

The  following  are  the  prices  of  meridian  circles  and  transit  instru- 
ments made  by  Pistor  and  Martins,  of  Berlin. 

A  rix-doUar  is  equal  to  72  cents  of  United  States  currency. 

1.  Meridian  circle,  with  a  telescope  of  8  feet  focal  length  and  6 
inches  aperture,  situated  at  the  middle  of  the  horizontal  axis,  with 
four  astronomical  eye-pieces,  magnifying  from  85  to  288  times.  Has 
two  circles  of  four  feet  diameter,  divided  to  single  minutes,  and  each 
furnished  with  four  reading  microscopes.     Price  5000  rix-doUars. 

2.  Meridian  circle,  with  a  telescope  of  6  feet  focus  and  52  lines  ap- 
erture. Has  two  circles  of  three  feet  diameter,  divided  to  two  min- 
utes, and  reading  by  eight  microscopes.      Price  3800  lix-doUan. 

3.  Meridian  circle,  with  a  telescope  of  4  feet  focus  and  3  iinches 
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aperture.     Has  two  circleB  of  two  feet  diameter,  divided  to  two  min- 
utes, and  reading  by  eight  microscopes.       Price  2700  rix-doUars. 

4.  Meridian  circle,  with  a  telescope  of  2  feet  focus  and  2  inches 
aperture.  Has  two  circles  of  sixteen  inches  diameter,  reading  with 
four  microscopes.  Price  1000  rix-doUars. 

'  5.  Transit  instrument,  with  an  8  feet  telescope,  like  No.  1,  omit- 
ting the  circle  and  microscopes.  Price  2400  rix-dollars. 

6.  Transit  instrument,  with  a  6  feet  telescope,  like  No.  2,  without 
the  circle.  Price  1500  rix-dollars. 

7.  Transit  instrument,  with  a  4  feet  telescope,  like  No.  3,  with- 
out the  circle.  Price  700  rix-dollars. 

8.  Transit  instrument,  with  an  8  feet  telescope  at  the  end  of  the 
horizontal  axis.  The  pivots  rest  upon  a  stone  column,  excavated* 
in  the  middle,  and  having  a  contrivance  for  rapid  reversal  of  the 
axis,  as  represented  on  page  161.  Price  3800  rix-dollars. 

9.  Transit  instrument,  like  No.  8,  except  a  6  feet  telescope. 

Price  3000  rix-dollars. 

10.  Transit  instrument,  like  No.  8,  except  a  4  feet  telescope. 

Price  2000  six-dollars. 

11.  Transit  instrument,  like  No.  8,  with  a  three  feet  circle,  read- 
ing by  four  microscopes.  Price  4600  rix-dollars. 

12.  Transit  instrument,  like  No.  9,  with  a  three  feet  circle,  read- 
ing by  four  microscopes.  Price  3800  rix-dollars. 

13.  Transit  instrument,  like  No.  10,  with  a  two  feet  circle,  read- 
ing by  four  microscopes.  Price  2600  rix-dollars. 

Similar  instruments,  and  at  corresponding  prices,  are  made  by  the 
Messrs.  Repsold,  of  Hamburg. 

The  prices  of  the  patent  circles  made  by  Pistor  and  Martins,  Ber- 
lin, and  mentioned  on  page  102,  are  as  follows : 

Patent  circle,  5  inches  radius,  with  two  verniers,  reading  to  20^"^ 
(or  10^^  if  desired) 85  rix-doUars. 

The  same,  with  lamp  for  night  reading 90         *' 

Patent  sextant,  6  inches  radius,  reading  to  10^^.  .   80         '< 

Instruments  by  William  Simms,  London, 

1.  Achromatic  telescope,  3  J  inches  object-glass  and  five  feet  focal 
length,  mounted  upon  a  universal  equatorial  stand J^llO. 

2.  Achromatic  telescope,  4  inch  object-glass 140. 

3.  Ditto  ditto,  4  inch  object-glass,  mounted  equatorial- 
ly  on  an  iron  pillar,  with  clock  motion jC150. 

4.  Completely  mounted  equatorial,  with  clock  movement,  microm- 
eter, etc. ;  5  feet  focus  and  4  inch  object-glass J&230. 
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5.  Equatorial  instruments  of  larger  dimensions,  having  telescopes 
rarying  from  4}  to  9  inches  aperture >  with  finely  graduated  circles, 
clock  movement,  micrometers,  etc from  J&300  to  800. 

6.  Three  and  a  half  feet  transit  instrument,  constructed  for  fixing 
upon  stone  piers £S4, 

7.  Three  and  a  half  feet  transit  instrument  complete,  with  two 
getting  circles,  etc J^105. 

8.  Five  feet  transit  instrument,  4  inches  aperture 180. 

9.  Seven  feet  transit  instrument 420. 

10.  Transit  circle,  18  inches,  with  three  reading  microscopes,  hav- 
ing a  telescope  of  30  inches  focus  and  3  inches  aperture  .  .XI 30. 

11.  Two  feet  transit  circle 220. 

12.  Three  feet  transit  circle 350. 

13.  Four  feet  transit  circle 500. 

14.  Fifteen  inch  altitude  and  azimuth  instrument,  both  circles 
reading  by  micrometers J^130. 

15.  Altitude  and  azimuth  instrument,  the  altitude  circle  18  inch- 
es and  azimuth  circle  15  inches,  with  micrometers i?150. 

16.  Altitude  and  azimuth  instrument,  both  circles  18  inches,  with 
micrometers jC210. 

17.  Twelve  inch  repeating  circle  (Borda's) 84. 

1 8.  Eighteen  inch         ditto  105. 

19.  Five  or  six  feet  mural  circle 750, 

20.  Eight  feet  mural  circle,  like  that  at  Cambridge  University, 
England i;i050. 

A  pound  sterling  is  equal  to  $4.84. 

Telescopes  by  Henry  Fitz^  of  New  York, 

Mr.  Fitz  has  completed  large  telescopes  of  seven  different  sizes. 

No.  1  has  a  clear  aperture  of  12  inches,  and  a  focal  length  of  17 
feet.  It  has  7  negative  and  6  positive  eye-pieces,  the  highest  mag- 
nifying power  being  1200.  The  declination  circle  is  20  inches  in 
diameter,  graduated  to  20^,  and  reads  by  four  verniers  to  20^^  The 
right  ascension  circle  is  20  inches  in  diameter,  graduated  to  20^,  and 
reads  by  two  verniers  to  two  seconds  of  time — ^is  furnished  with 
clock-work  and  micrometer.  This  telescope  was  sold  to  Michigan 
University  for  $6000. 

No.  2  has  an  aperture  of  9f  inches,  and  a  focal  length  of  14  feet. 
It  has  7  negative  and  6  positive  eye-pieces,  the  highest  magnifying 
power  being  1000.  Circles  of  the  same  size  as  No.  1.  This  tele- 
scope was  sold  to  West  Point  Academy  for  $5000. 

No.  3  has  an  aperture  of  9  inches,  and  a  focal  length  of  9^  feet- 
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Highest  magnifying  power  600.  This  telescope  was  sold  to  Mr. 
Rutherford,  of  New  York,  for  $2200.  It  was  made  with  an  unusu- 
ally short  focus,  to  accommodate  the  size  of  Mr.  Rutherford's  dome. 

No.  4  has  a  focal  length  of  1 1  feet,  and  an  aperture  of  8^  inches. 
It  has  twelve  eye-pieces,  the  highest  magnifying  800  times.  Price, 
with  clock-work  and  micrometer,  $2200 — with  plain  mounting, 
$1600. 

No.  5  has  a  focal  length  of  8  feet,  and  an  aperture  of  6^  inches. 
Highest  magnifying  power  500.  Price,  with  clock-work  and  mi- 
crometer, $1300. 

No.  6  has  a  focal  length  of  7  feet,  and  an  aperture  of  5  inches. 
Highest  magnifying  power  400  times.  Price,  with  clock-work  and 
micrometer,  $1050 — ^without  clock-work  or  micrometer,  $825. 

No.  7  has  a  focal  length  of  5  feet,  and  an  aperture  of  4  inches. 
Highest  magnifying  power  250  times.  Price  $225,  without  clock- 
work or  micrometer. 

Mr.  Fitz  obtains  his  crown  glass  from  the  manufactory  of  Bon- 
temps,  of  Birmingham,  England ;  his  flint  glass  he  obtains  from  Paris. 

Several  of  Mr.  Fitz's  telescopes  have  been  subjected  to  the  se- 
verest tests  by  competent  judges,  and  have  been  decided  to  com- 
pare favorably  with  the  best  Munich  instruments. 

Telescopes  by  Alvan  Clark,  of  Boston. 

Mr.  Clark  has  ground  and  mounted  twelve  object-glasses  of  from 
4  to  7^  inches  aperture,  the  largest  of  which  was  purchased  by  an 
eminent  English  observer.  Two  fine  double  stars  were  discovered 
with  this  glass  by  Mr.  Clark,  one  of  which  is  25  Ceti.  Mr.  Clark  has 
just  completed  an  instrument  for  Amherst  College,  7^  inches  aper- 
ture, and  a  focal  distance  of  101  inches,  having  a  pendulum-driv- 
ing clock,  to  which  is  applied  Mr.  Bond's  spring  governor.  The  tel- 
escope was  furnished  at  a  cost  of  $1800.  It  has  brought  to  view 
two  new  double  stars,  one  in  R.  A.,  18h.  17m.  lis. ;  Dec,  1°  39^  23^' 
S. ;  Mag.,  7^  and  7f ;  Distance  estimated,  0^^.3  :  the  other  is  in  R. 
A.,  19h.  50m.  35s. ;  Dec,  2©  38^  V  S. ;  Mag.,  7^  and  8 ;  Distance, 
0^'.8. 

Il 
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Elements   of   the   Ast^roids^-^continued. 


The  following  Table  contains  the  Elements  of  the  Asteroids  discovered  since 
1858,  and  is  a  Continuation  of  Table  XXXY.,  p.  464-5. 


No. 
5? 

58 
59 
6o 
6i 

62 

63 

64 
65 
66 
67 
68 
69 
70 

Ntma 

Discovered. 

Mean  Dis- 
tance. 

Eooentiic- 

Period. 

When. 

By  whom. 

Where. 

Dmys. 

Mnemosyne 
Concordia 

1859,  Sept.  22 
i860,  Mch.  24 
i860,  Sept.  12 
i860,  Sept.  9 
i860,  Sept.  1 5 
i860,  Oct.  10 
1861.  Feb.  10 
1 861',  March  2 
1 86 1,  March  4 
1 861,  April  9 
1 861,  April  17 
1 86 1,  April  29 
1 86 1,  April  2( 
1861,  May  5 

Luther 

Luther 

Chacornac 

Goldschmidt 

Ferguson 

Fbrster 

De  Gasparis 

Tempel 

Tempel 

Tuttle 

Pogson 

Luther 

Schiaparelli 

Goldschmidt 

Bilk 

Bilk 

Paris 

Paris 

W'sh'gton 

Berlin 

Naples 

Marseilles 

Marseilles 

Cambr'ge 

Madras 

Bilk 

Milan 

Paris 

10 
II 
9.5 
II 
II 
II.5 

10 

10 

II 

i3 

II. 5 

II 

II 

10.5 

3.157288 
2.692806 

2,714047 
2.974675 
2.393109 

3.14452 
2.40194 
2.67828 
3.45231 
2.65387 

2. 39314 
2.77481 
3.064905 
2.670127 

o.io4ix6  2049. x3i 
0.040091 1614*009 
o.ii884oi633.i45 
o.i63o84  1873.948 
0.184720  x 352.204 
o.i65oi2  2036.711 
o.i3i55o  1359.694 
o.i2483o  1600.973 
0.140705  2342.949 
0.154229  1579. 121 
o.i44o85  1352.228 
0.185692  1688.298 
0. 1 77901  1959.694 
0.223545(1593.660 

Danae 

Titania 

Erato 

Ausonia 

Angelina 

Maximiliana 

Maia 

Asia 

Leto 

Hesperia 

Panopea 

No. 

Longitude  of 

Longitude  of 
•Mending  Node. 

IneUnatlon  of 

MeendaUy 

BCeen  Longitude 

Epoch,  Bertln  mean 

Perihelion. 

OrtAi. 

Motion. 

at  Epoch. 

Time, 

57 

0       /        // 
52  53  i3.o 

0       f        ft 

200    5  25.1 

0      /         // 

i5    8     1.6 

632.4633 

0       /         // 

28  35  25.6 

i860,  Jan.  1.0 

58 

177  55  57.8 

161  21  35.7 

5    2  57.8 

802.9694 

162  16  26.9 

i860,  Jan.  0.0 

59 

18  56  24.4 

170  18  54*6 

8  36  5o.i 

793.5610 

9  19  4o.i 

i860,  Oct.  0.0 

60 

340    8  37:7 

334  19    6.5 

18  17     i.o 

691.5879 

345  42  33.8 

i860,  Sept.  29.0 

61 

98  28  35.3 

191  57  53.0 

3  34  21.5 

958.4357 

38     8  17.3 

1861,  Jan.  o.25ia 

62 

4o  II  4i*3 

126  57  24*5 

2  i4  55.3 

636. 3200 

5     I  31.7 

i86o,-'Sept.  24*0 

63 

272  54  4i-9 

338     9  23.8 

5  56  23.7 

953.156 

178  35     2.9 

1861.  March  9.0 

64 

126  28  10.5 

3ii     2  28.4 

I  19  4o.o 

809 . 5o8 

170  42  16.7 

1861,  April  0,0 

65 

254  37  32.0 

159     9  I I. 9 

3  29  i4*i 

553.149 

194  i5  24.1 

1861,  March  18. 55 

66 

43  54     5.7 

8  II  41.7 

3    4    8.8 

820.710 

i83  21   17.6 

1861.  May  16.6 

67 

294  23  27.4 

202    0    6.5 

5  48  36.9 

958.418 

24i  22  4i*4 

1861,  April  21.0 

68 

346  i5  37.5 

44  49  43.5 

7  58  19*8 

767.637 

240  24    9*1 

1861,  June  1.0 

69 

117  i4    2.3 

186  52  56. 0 

8  28  55.7 

661 .260 

160  52     5.0 

1861,  May  13.4664 

70 

299     3»   0.2 

48  21     0.3 

II  i4  37.1 

8x3.222 

253  n  36.7 

1861,  June  0.0 

THE  END. 
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